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ABSTRACT 

Habitat loss worldwide is a major threat to biodiversity. Forest loss is affected by numerous 

factors, including natural climate change and anthropogenic disturbances (e.g., logging, habitat 

conversion or increased fire activity). Forest fragmentation results in reduced patch sizes, 

increased edge effects, and connectivity between patches negatively impacted. Forest 

fragmentation effects on species differ, with some considerably more sensitive to these changes 

than others, often resulting in their local extinction. By monitoring biodiversity, effective 

conservation measures can be implemented to conserve the biodiversity in these forests. 

Remote camera traps have become an increasingly popular tool to study wildlife in a reliable, 

non-invasive way. 

Firstly, the use of camera traps as a research tool in Africa using a systematic review 

was determined. This highlighted the countries with studies that used camera traps the most, 

as well as determined the terrestrial wildlife and habitat types receiving the most focus. The 

findings from assessing camera trap research in Africa revealed that most studies were 

conducted in South Africa, with most studies focusing on the occupancy of mammals, with a 

particular focus being on large carnivores, the majority of which were leopard Panthera 

pardus. Most studies were conducted in forests, followed by savannah/bushveld. 

Secondly, the presence of forest mammalian species was assessed in the Southern 

Mistbelt forests in the Midlands of KwaZulu-Natal, South Africa. These forests are fragmented 

because of both natural and anthropogenic factors. An extensive camera trapping survey was 

conducted between October 2020 and April 2021 (wet season), and between May 2021 and 

September 2021 (dry season), with 14 indigenous forest patches being sampled. A total of 339 

camera trap stations were deployed in this study, with microhabitat conditions, in a 20 m radius 

around each camera trap, collected to determine their impact on bushbuck Tragelaphus 

scriptus, a diurnal forest specialist, and Cape porcupine Hystrix africaeaustralis, a nocturnal 
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generalist, and how the microhabitat conditions potentially impacted their occupancy between 

the austral wet and dry seasons. Bushbuck were the most recorded mammalian species recorded 

during both seasons. Cape porcupine presence was recorded more during the dry season, with 

various microhabitat variables influencing their occupancy. Cape porcupines, as generalists, 

likely use the forest food resources during the dry season. Bushbuck presence was lower in 

state-owned forests, likely because of the hunting activities observed in these forests. 

Thirdly, data collected from the camera trapping surveys were used to determine the 

influence of landscape factors, including patch size, landscape configuration (number of 

neighbouring patches), and patch isolation (distance from mainland patch), on forest 

mammalian species diversity in forest patches, between the wet and dry seasons. Patch size 

strongly influenced forest mammalian species richness, which was relatively low, with more 

species occupying larger patches than smaller patches. Similarly, landscape configuration 

affected species richness and was generally higher in those forests surrounded by multiple 

forest patches. Forest isolation, however, did not seem to be particularly impactful in 

determining forest mammalian species diversity.  

Overall, this research showed the value of camera traps as a research tool and their 

effectiveness in studying rare and elusive mammalian species in Africa. Effects of 

anthropogenic disturbances on various forest mammalian species were highlighted, with 

activities such as hunting and uncontrolled resource harvesting, such as collection of fuelwood, 

medicinal plants and building materials by the local communities, impacting the presence of 

various forest mammalian species, particularly forest specialist species, such as the blue duiker 

Philantomba monticola. The importance of maintaining small forest patches, often considered 

of low conservation value, was highlighted. These act as essential ‘stepping stones’ between 

forest patches, allowing species to traverse a landscape mosaic. The need for conservation 
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measures not to disregard the importance of these small forest patches is emphasised, as they 

are vital assets to maintain species richness in landscape mosaics with forest patches.  
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CHAPTER 1 

INTRODUCTION 

1.1 The forest biome 

Across the world, terrestrial vegetation could be categorised into nine biomes, which include: 

tropical rain forests, tropical dry forests (including savannas), temperate broadleaf forests, 

coniferous forests, Mediterranean-type (including fynbos and renosterveld), temperate 

grasslands, arid lands, tundra, and alpine (Prach and Walker 2020). The forest biome is 

estimated to cover a total area of approximately 4 billion ha, equating to ~20 % of the Earth’s 

total land area (Kelatwang and Garzuglia 2006; Ellis and Ramankutty 2008), which is found in 

Europe (25%), followed by South America (21%), North and Central America (18%), Africa 

(16%), Asia (14%) and Oceania (5%) (Kelatwang and Garzuglia 2006).  

These forests are a vital part of the world’s ecosystem, providing critical environmental 

services, such as soil protection, species diversities, and maintaining the hydrological cycle 

(Kelatwang and Garzuglia 2006; Mithal et al. 2011). These forests also provide essential 

resources for millions of people across the globe (Mithal et al. 2011). In Africa, forest area is 

estimated to cover ~635 million ha, covering ~21% of Africa’s land area (Kelatwang and 

Garzuglia 2006), but these forests have contracted in recent years (Bodart et al. 2013). Most of 

this forest cover is found along the equatorial zone, comprising a 4800 km wide expanse of 

natural forest, stretching from Sierra Leone to the East African great lakes (Aubréville 2013). 

Forests in Africa can be classified into four main categories, which include: dry tropical forests 

(found predominantly in eastern and southern Africa), humid tropical forests (western and 

central Africa), montane forests (particularly in eastern and southern Africa), sub-tropical 

forests (Kelatwang and Garzuglia 2006). Of these forests in Africa, 55% are classified as closed 

forests (>40% canopy cover) and are found predominantly in central Africa, with open forests 
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(15% - 40% canopy cover) comprising 45% (Kelatwang and Garzuglia 2006; Bullock et al. 

2021).  

Indigenous forests in southern Africa are evergreen, with forests in South Africa being 

the smallest biome, occupying ~0.6% of the total land surface area, which could be found in 

patches along the eastern and southern areas of the country (Mucina et al. 2006; Lawes et al. 

2007; Adie et al. 2013; Grieve and Downs 2015; Mangwale et al. 2017). These forests generally 

occur in naturally fragmented, relatively small patches, with most being less than 100 ha in 

size (Mucina et al. 2006). These forests are scattered in those regions with appropriate rainfall, 

which needs to be an average of at least 525 mm annually (Mucina et al. 2006). The three main 

forest types in South Africa include the Indian Ocean Coastal Belt Forest, the Afromontane 

Forests, found inland, and Scarp Forests, which generally are found running perpendicular 

between the Afrotemperate and Coastal Forests, along river gorges (Lawes et al. 2007; Moir et 

al. 2020; Mulvaney et al. 2022). 

The Afromontane forests, or Southern Mistbelt Forests, are the oldest forest type in 

South Africa, being formed ~18,000 yr B.P., before the last glacial maximum (LGM) (Lawes 

et al. 2007). They are naturally small and fragmented, found in a natural grassland matrix, with 

their overall distribution and size being fairly constant for the past 20,000 years (Lawes et al. 

2000a; Lawes et al. 2005; Adie et al. 2013). These forests are mostly found between an altitude 

of 1000 – 1400 m a.s.l., with these forests exhibiting significant seasonal variations in rainfall, 

as well as a rough topography (Lawes et al. 2000a; 2005; Mucina et al. 2006). The 

environmental conditions faced by these forests, coupled with the severe climate and vegetation 

changes experienced by the forest fauna 100,000 years before and during the LGM, have 

resulted in these forest communities being resilient to the disturbances presently faced by these 

forests (Lawes et al. 2000a; 2005). The trees found in these forests are generally relatively tall 

(15 – 20 m) and exhibit a multi-layered structure (Lawes et al. 2005; Mucina et al. 2006). There 
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are several emergent tree species which dominate these forests, particularly: Podocarpus 

henkelii, Podocarpus latifolius, Afrocarpus falcatus, Xymalos monospora, Celtis africana, 

Calodendrum capense, Vepris lanceolata, Zanthoxylum davyi and Kiggelaria africana (Lawes 

et al. 2005; Mucina et al. 2006). 

 

1.2 Threats to natural forests 

Although forests play a vital role in supporting life on earth by providing resources to the 

world’s population, maintaining diversities, regulating climate, storing carbon, and protecting 

water and soil, forest loss over the past few decades has remained high across the globe (Heino 

et al. 2015; Moomaw et al. 2020). Many factors cause forest loss, from wildfires to direct 

human impacts, such as forest clearing, selective logging, wood extraction, population growth 

and associated land use change, forestry and shifting agricultures (Heino et al. 2015; Curtis et 

al. 2018). These factors have resulted in the considerable degradation of natural forest 

environments worldwide, with human activities driven by social, economic and demographic 

pressures being the most significant causes of forest loss (Curtis et al. 2018; Bodo et al. 2021). 

Due to this, global forest destruction has increased significantly over recent decades, with 

deforestation rates remaining high, with only half of the world’s forests considered undamaged 

(Farwig et al. 2008; Meyfroidt and Lambin 2011; Ritchie and Roser 2021). The increasing 

human populations, coupled with the constant rise in demand for forest resources, have 

increased the area of degraded forests across the globe (Farwig et al. 2008; Bodo et al. 2021). 

Due to the loss of habitat and resulting fragmentation, habitat availability for biodiversity is 

reduced, leading to resource shortages and making wildlife more accessible to hunters (Lampila 

et al. 2005; Almeida-Gomes and Rocha 2014; Minhós et al. 2023). The improved 

understanding of the importance of forests has resulted in a global rise in protected areas over 
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the last few decades, with large intact forests being of particular focus because of their vital 

role in maintaining ecological diversity (Heino et al. 2015).  

Forest loss is highest in the tropics, which are experiencing human population growth 

pressures, whereby almost 1% of these natural forests are cleared annually, primarily by 

anthropogenic activities, such as the cultivation of land (Farwig et al. 2008; Hansen et al. 2013; 

Minhós et al. 2023). This is particularly evident where native populations clear forests for their 

crops (Aubréville 2013). Often trees are felled, with those remaining being burnt (Aubréville 

2013). This practice results in gaps opening on the forest edge, often introducing wind and 

drought stress, as well as allowing fires to penetrate deeper into the forest (Alencar et al. 2006; 

Aubréville 2013; Fischer et al. 2021). The destruction and degradation of these natural forests, 

coupled with overhunting, are seen to heavily impact biodiversity, with many species being 

particularly vulnerable to these habitat transformations, especially those specialised species 

which rely on the resources found in natural forests (Farwig et al. 2008; Stork et al. 2009; 

Minhós et al. 2023). This is concerning as tropical forests are home to more than 60 % of the 

world’s biodiversity, although it only covers 7 % of the total surface area (Giam 2017; Minhós 

et al. 2023).  

Deforestation is particularly serious in Africa, where annual forest loss was the highest, 

compared with the rest of the world, during the 1990s, with logging and conversion of forests 

to small and large-scale agriculture being the primary causes for deforestation (Kelatwang and 

Garzuglia 2006; Mithal et al. 2011; Aubréville 2013). The effects of deforestation are 

especially impactful in Africa, which experienced significant forest losses over the past few 

decades, where the loss of forest affects climate, water reserves and soil conservation more 

than other areas of the world (Kelatwang and Garzuglia 2006; Aubréville 2013; Ajanaku and 

Collins 2021). Between 2000 and 2005, forest loss in Africa was estimated to be around 4 
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million ha per annum, less than the forest loss observed in the 1990s, estimated to be around 

4.4 million ha per annum (Kelatwang and Garzuglia 2006).  

Like the rest of the world, forest loss in Africa is primarily caused by the conversion of 

forested areas to small-scale agriculture, with larger-scale conversions and other agricultural 

practices further contributing significantly to these forest losses (Kelatwang and Garzuglia 

2006; Norris et al. 2010). Primary forests in Africa are the source of resources for many 

indigenous cultures, which rely on these forest ecosystems to provide fuelwood and income-

generating products (Kelatwang and Garzuglia 2006; Kormos et al. 2017). Presently, these 

forests are under threat mainly from the pressure of logging and hunting, with hunting being 

responsible for the removal of many wildlife populations, including vital species which are 

responsible for maintaining forest ecosystem services (Kelatwang and Garzuglia 2006; Brodie 

et al. 2015; Minhós et al. 2023).  

Although Africa’s forests are heavily exploited, with many relying on their resources, 

only ~9 % of these forests are protected under the International Union for Conservation of 

Nature (IUCN), with these protected areas being regarded as crucial for the conservation of 

wildlife (Kelatwang and Garzuglia 2006; Riggio et al. 2019). However, African nations are 

becoming increasingly aware of the importance of conserving ecological diversity and 

ecosystems, particularly since 1970, with an extensive network of protected areas being 

established (Newmark 2008). In sub-Saharan Africa alone, there are roughly 6390 protected 

areas, with there being 1100 national parks, with 36 of these parks being established World 

Heritage Sites; however, certain forested areas, such as Guinea and southern dry forests, are 

particularly lacking in protected area coverage (Newmark 2008; Chidumayo and Marunda 

2010). Despite these positive actions towards conservation, wildlife species are still threatened 

by various anthropogenic activities in and outside these protected areas (Newmark 2008; 

Tyrrell et al. 2020). 
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South African forests are highly vulnerable to anthropogenic activities (Brown 2006; 

Colyn et al. 2020). Many were heavily exploited, particularly the Afromontane forests, since 

the settlement of Europeans in the country in 1652, with many large trees being felled for 

railway sleepers and furniture production (King 1940; Wirminghaus et al. 1999; Mucina et al. 

2006; Adie et al. 2013). These intense logging practices were particularly prominent from 1870 

– 1944, which worsened the fragmentation of these naturally fragmented forests (Wethered and 

Lawes 2003; Adie et al. 2013; Cooper et al. 2017). As a result of anthropogenic activities, 

approximately half of all the indigenous forests found in South Africa have become degraded, 

reducing the functionality of these environments (Cooper et al. 2017). Although many forests 

in South Africa have been given a protection status since the forming of a forest department in 

1902, many of these forests are still harvested for natural resources, with many forests being 

damaged by over-grazing and trampling by introduced domestic cattle (Cooper and Moll 1968; 

Grieve and Downs 2015). Implementing effective conservation measures is challenging in 

South Africa because of the highly fragmented nature of these forests; however, by 

understanding the processes influencing forest changes, effective conservation strategies could 

be formed, particularly for those forests in anthropogenically modified environments (Lawes 

et al. 2000b; 2004; Rodríguez-Echeverry et al. 2018).  

 

1.3 Habitat loss and fragmentation of natural forest landscapes 

Habitat loss is simply the reduction in the amount of habitat, which is largely seen as being the 

biggest threat driving declines in biodiversity around the world (Hanski 2011; Banks-Leite et 

al. 2020; Gumede et al. 2022). Fragmentation of forests refers to the breaking up of continuous 

forests into smaller patches, quantified by changes in patch size, increased edge effects, and a 

reduction in connectivity (Liu et al. 2019; Banks-Leite et al. 2020). Fragmentation could be the 

result of numerous activities, which could be anthropogenic, such as road construction, fires, 
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logging, conversion of habitat, or natural, such as variations in climate, causing the expansion 

or contraction of forest cover (Wade et al. 2003; Kotze and Lawes 2007). Forest fragmentation 

severely impacts species' distribution and presence, and further impacts their ecological 

interactions (Magrach et al. 2014). Fragmented landscapes are intricate because of the modified 

habitats surrounding these fragments (Pardini 2004). Connectivity between patches is thought 

to increase the closer the matrix habitat is to the fragmented landscape, resulting in varied 

species responses to the effects of fragmentation, with the overall effects being determined by 

scale, context and species of focus (Pardini 2004; Banks-Leite et al. 2020).   

 

1.4 Island biogeography theory and habitat amount hypothesis 

MacArthur and Wilson’s (1967) island biogeography theory (IBT) has been used in habitat 

fragmentation ecology as an analogy that habitat patches are similar to oceanic islands in that 

they are both surrounded by a harsh matrix (Bueno and Peres 2019). The theory postulates that 

immigration and extinction are the two processes determining the diversity of species on an 

island (Wu and Vankat 1995). As species diversity increases, the immigration rate decreases, 

with extinction rates increasing (Wu and Vankat 1995). The IBT suggests the colonisation of 

smaller islands occurs from the mainland, with increased isolation resulting in decreased 

immigration (Fahrig 2013). Increased isolation would thus cause the island to contain fewer, 

more closely related species, with larger island areas resulting in decreased extinction and 

increased diversity because of the greater diversity of habitat (Wu and Vankat 1995; Fahrig 

2013; Helmus et al. 2014). An equilibrium is reached when the immigration rates and 

extinction rates are equal (Wu and Vankat 1995). However, this island-based theory applies to 

many discrete habitats, such as forest fragments, as they share similarities, with the IBT not 

being constrained by the scaling relationships of many biological processes characterising 

continental areas (Santos et al. 2016).  
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However, the IBT has received criticism as it does not adequately account for several 

factors which occur in fragmented landscapes, particularly in non island settings, with species 

being able to move between appropriate habitat patches, which do not present the same strong 

boundary exhibited by oceanic islands (Fahrig 2013; Bueno and Peres 2019). As a result, 

habitat patches cannot always be seen as discrete areas, with species-area relationships being 

governed at a spatial scale larger than those on habitat patch size (Bueno and Peres 2019).  

The habitat amount hypothesis (HAH) opposes the IBT in that patches of habitat are 

not seen as separate entities, with immigration between habitat patches seen to occur from the 

habitat neighbouring the patch, not from a mainland, as stipulated by the IBT (Fahrig 2013; 

Haddad et al. 2017; Bueno and Peres 2019). In fragmented landscapes, the main mechanism 

determining the species-area relationships is suggested to be the overall sample area effect, as 

opposed to the island effect (Haddad et al. 2017; Seibold et al. 2017; Bueno and Peres 2019). 

Larger landscapes have greater amounts of surrounding habitat; therefore, they are predicted 

to house more species; however, the HAH assumes that species would view the overall 

landscape matrix as being functionally connected (Bueno and Peres 2019; Watling et al. 2020). 

Determining the accuracy of the HAH still requires further research as present research 

outcomes have produced results that have both supported or rejected the hypothesis, with 

original criticisms being made on the HAH being confined to those local landscapes with large 

areas of habitat (Bueno and Peres 2019).  

Due to the popularity of the IBT in being used in habitat fragmentation ecology, with 

the HAH still requiring further research to determine its applicability in different landscapes 

(Bueno and Peres 2019), the IBT was the primary theory focused on in this study to describe 

the distribution patterns exhibited by the forest mammals in the Southern Mistbelt Forests in 

the Midlands of KwaZulu-Natal, South Africa. 
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1.5 Human-wildlife interactions and the impacts of forest loss  

Humans cannot be separated from the environment, with a strong relationship between the two 

(Mori 2017). This is particularly the case for humans living near forests, as forests provide vital 

roles for the livelihoods of millions of people around the world by providing employment, 

food, energy and various ecological services (Maass et al. 2005; Mori 2017; Mallick and 

Chakraborty 2018; Sosibo et al. 2022a).  

The benefits forests provide are increasingly threatened by human activities and 

population growth, with forest loss affecting the global carbon cycle, in which intact forests 

play a vital role, removing significant atmospheric CO2 concentrations, thereby maintaining 

the atmospheric carbon balance (Zhang et al. 2007; Mori 2017; Maxwell et al. 2019). The 

removal of these carbon sinks would negatively impact the effects of global climate change, 

with the removal of these forests estimated to contribute between 7 – 15% of the anthropogenic 

CO2 emissions globally, which contributes to the global rise in air temperatures (Chaparro and 

Terradas 2009; Netzer et al. 2019).  

Forest loss also severely impacts slope stability, with high levels of soil erosion 

occurring, particularly on steeper slopes, resulting in gullying, landslides, and the overall 

increase of sediment entering the river systems (Bathurst et al. 2007). These can negatively 

impact humans by increasing the change of flash floods and landslides, as well as causing the 

sedimentation of reservoirs (Bathurst et al. 2007; Netzer et al. 2019). The conversion of forests 

to agricultural land results in the overall increase in surface water runoff, which can cause water 

pollution, as surface runoff from agricultural lands could introduce various organic or inorganic 

fertilisers into water sources, causing eutrophication because of the high nutrient contents of 

the surface water (Anju et al. 2010; Netzer et al. 2019). This could severely impact fisheries, 

with high eutrophication levels possibly being poisonous to humans (Netzer et al. 2019). The 

reduction of water infiltrating the earth’s surface because of higher surface runoff can 
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negatively impact groundwater recharge rates, which could be particularly problematic during 

the dry season, with there possibly being water shortages (Netzer et al. 2019; Weatherl et al. 

2021). 

Increasing forest loss and degradation could also increase human-wildlife conflicts, 

particularly for those communities near forests, as forest loss causes wildlife and humans to be 

forced to exist in closer proximity to each other, forcing them to compete for resources 

(Acharya et al. 2017; Baral et al. 2021). This conflict occurs throughout the globe, which 

impacts the effectiveness of conservation measures, with instances of crop raiding often 

resulting in negative attitudes toward wildlife, particularly for communities that rely on 

agriculture for their livelihoods (Webber et al. 2007; Baral et al. 2021). These attitudes could 

severely impact the long-term success of conservation measures, particularly when authorities 

do not acknowledge the significance these crop-raiding animals have for the local communities 

(Webber et al. 2007), with this conflict potentially causing communities to kill these animals, 

regardless of whether they are regarded as threatened or endangered (Baral et al. 2021).  

Due to species diversities playing a pivotal role in the functionality of ecological 

systems, the loss of species diversity, brought upon by anthropogenic activities, could have 

detrimental impacts on the ecosystem and human well-being (Mori 2017). Loss of diversity 

has one of the highest impacts on the functionality of earth’s ecosystems, with fragmentation, 

habitat loss and degradation, conversion of habitat to agricultural land, pollution and climate 

change, resulting from anthropogenic activities, being a primary cause for these losses, 

particularly in forests, which often contain higher levels of biodiversity than other terrestrial 

biomes (Mori 2017; Hill et al. 2019). In forests, hunting and timber removal are also seen as 

being primary causes for biodiversity loss, with many species being particularly sensitive to 

these changes, requiring an intact forest environment to survive, with the removal of vital 

species negatively impacting the functionality of these forests (Kelatwang and Garzuglia 2006; 
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Hill et al. 2019; Minhós et al. 2023). Deforestation has multiple negative impacts on human 

well-being, including the loss of goods and materials, such as food, and the loss of natural water 

purification and microclimate regulation (Mori 2017).  

The type of activity causing forest loss is also seen as resulting in differing impacts on 

the forest, with logging activities being seen to reduce the quality of the habitat for many 

different taxa (Brodie et al. 2015). Logging results in an altering of the forest structure (Rist et 

al. 2012), such as the fragmentation of the forest canopy, creating gaps for sunlight to penetrate 

the forest, facilitating the growth of non-tree species (Edwards et al. 2014). These disturbances 

could result in invasive, non-native trees to establish within the forest, when the native tree 

species are removed (Brown and Gurevitch 2004). The results of logging are argued to be an 

overall loss of services and wildlife; however, some argue these forests still have high 

conservation value, with the majority of services and functions still intact (Edwards et al. 2014). 

However, resource extraction by local communities is a repeated harvesting practice that 

impacts forests' structure, diversity and composition (Thapa and Chapman 2010). This is 

particularly prominent in developing countries, where rural communities rely on forests for 

their livelihoods, regardless of the protection status of the forest (Thapa and Chapman 2010; 

Rist et al. 2012). Forests are primarily used as a source of fuelwood, food, medicinal products 

and general household equipment, with many relying on the forests for income (Rüger et al. 

2008; Illukpitya and Yanagida 2010). Despite the extraction of resources being a repeated 

practice over a longer term, it is considered less damaging to conservation efforts than logging 

activities (Illukpitya and Yanagida 2010). 

 

1.6 Occupancy modelling and camera trapping 

Recently, technological and methodological advances have significantly improved the 

monitoring of wildlife (Devarajan et al. 2020). These technological advances have allowed 
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more effective sampling of wild animal populations, with the use of several detectors (e.g., trail 

cameras), with methodological applications, particularly the use of occupancy models, 

allowing for the population assessment of threatened species, providing a probability that the 

species occurs at a site, whilst taking detectability into account (Bailey et al. 2014; Campos-

Cerqueira and Aide 2016; Devarajan et al. 2020). Occupancy models also factor in the 

probability that the species may have been present at a particular site, although it was not 

detected, as well as the chance that species may have been misidentified, which is important, 

as without factoring in imperfect detectability, occupancy estimates can be underestimated, 

with inaccurate inferences being made regarding the relationship between habitat variables and 

the occurrence of the species of interest (MacKenzie and Bailey 2004; Bailey et al. 2014; 

Campos-Cerqueira and Aide 2016; Devarajan et al. 2020). 

The development of these occupancy models has received significant attention since 

the original works by MacKenzie et al. (2002), with developed models accommodating 

multiple occupied states, with the need for studying communities of animals leading to the 

development of multi-species occupancy models (Bailey et al. 2014; Devarajan et al. 2020). 

Occupancy can generally be defined as the probability that a species of interest occupies a site 

over a particular timeframe, during which the state of occupancy does not change, with wildlife 

populations assumed to be geographically closed (Bailey et al. 2014; Rich et al. 2016). In each 

season, the occupancy state does not change, with repeated surveys allowing for the 

opportunity to identify the true occupancy state during a particular season (Bailey et al. 2014). 

However, these states of occupancy may change between seasons, with previously occupied 

sites becoming unoccupied and vice versa (Bailey et al. 2014). Occupancy models are thus 

designed to analyse the presence and absence of data across sites over a period of time, with 

the resulting models providing a robust estimate of species occurrence and general trends 

displayed over time (Outhwaite et al. 2018).  
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Camera traps have become a popular tool used to monitor wildlife by collecting species 

abundance or density data since the 1990s (Anile and Devillard 2016; Agha et al. 2018; Zwerts 

et al. 2021). Using camera traps to collect data on aspects such as population density, could be 

essential for conservation strategies, which could further aid in assessing the effectiveness of 

adopted management strategies (Balestrieri et al. 2016; Zwerts et al. 2021). The data collected 

can also be used to identify the impacts hunting and economic activities have on the 

demography of species (Balestrieri et al. 2016; Marracoli et al. 2019). Although camera traps 

have been used to monitor wildlife since the 20th century, their use in research has shown 

increased popularity over the past two decades (Galvis et al. 2014). Camera trap research on 

mammals originally focused on Felidae species, identifiable through their characteristic coat 

patterns (Anile and Devillard 2016). Since then, technological advances have greatly improved 

camera traps' performance while lowering their cost (Agha et al. 2018). These improvements 

led to the wide use of modern heat and/or motion-triggered camera traps (Swinnen et al. 2014) 

to collect abundance and density estimates for studying mammals (Anile and Devillard 2016; 

Fidino et al. 2020; Zwerts et al. 2021). 

Camera traps have enabled biologists to effectively study those rare and elusive species, 

primarily found in remote areas, using a non-invasive, reliable and cost-effective method 

(Dupuis-Desormeaux et al. 2016; Ferreras et al. 2017; Dorning and Harris 2019; Thomas et al. 

2020). Camera trapping is particularly advantageous as it allows data to be collected in the field 

for months, reducing the influence of human disturbance and animal stress in the area of interest 

(McCallum 2013). The camera traps operate 24 h day-1, collecting data in those remote, 

potentially dangerous areas, covering a greater area than possible (compared with other 

methods if the same level of effort was used) (O’Brien 2008; McCallum 2013; Thomas et al. 

2020). This is particularly useful for the study of those rare, nocturnal animals which live in 
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low densities (McCallum 2013) or those species that are notoriously difficult to observe, such 

as those mammals found in forests (O’Brien 2008). 

For camera traps to effectively achieve the aims of each study, the choice of sampling 

design is vital, with the appropriate selection being based on the biogeographic traits of the 

species in question (Brassine and Parker 2015), with sampling design choice determining the 

interpretation of results (Burton et al. 2015). When choosing installation locations for camera 

traps, the appropriate sampling design must be selected for the species of focus (Brassine and 

Parker 2015). Studies could choose targeted/deliberately-biased approaches, which focus on 

those locations which are easily accessible or are deemed to have likely animal presence (Meek 

et al. 2014; Burton et al. 2015; Hand et al. 2021). These focus areas could include nature trails, 

water bodies, road crossing structures, and fruiting trees or dens (Meek et al. 2014; Brassine 

and Parker 2015; Burton et al. 2015). The sampling design could also be systematic, focusing 

on specific spacing intervals between camera traps, or random sampling, with camera trap 

placement being determined by habitat or the general geography (Meek et al. 2014; Burton et 

al. 2015; Reece et al. 2021). For some studies to obtain the desired results, these sampling 

design options are sometimes combined (Meek et al. 2014). 

Although camera traps have many advantages, their use is not entirely devoid of 

sampling errors (Burton et al. 2015). These errors could include those relating to the detection, 

whereby there is a false assumption that there is an equal chance that all species in the study 

area are detectable by the camera traps (Burton et al. 2015; Mann et al. 2015). This is often not 

the case, with certain species often not being detected by the camera traps even though they 

are known to occupy the sampling area (Rovero et al. 2013; Burton et al. 2015). This is 

particularly true for the detection of certain animal sizes, whereby camera placement could 

inhibit the ability of the camera to capture the animal (Kelly 2008; Meek et al. 2014). This error 

could also be related to the make and model of the camera trap used, as earlier models could 



15 
 

fail to detect certain smaller species if the camera was placed too high, an error which seems 

to be rectified in the modern models (Kelly 2008; Burton et al. 2015). The failure of the camera 

trap to detect certain animals could also relate to the camera's trigger speed (e.g., where there 

is a delay between the animal entering the detection zone and the capture of the image). This 

could be problematic for detecting fast-moving animals, which could either be partially 

captured or not detected by the camera trap (Meek et al. 2014; Burton et al. 2015). Camera 

traps are also not wholly non-invasive, as their presence could cause certain species to have 

behavioural changes (Ferreras et al. 2018), which could cause some species to avoid the camera 

traps after their first capture completely (Maputla et al. 2013). 

 

1.7 Importance of topic 

Due to the several biodiversity hotspots in Africa (Agha et al. 2018), identifying areas of 

research focus throughout the continent, and the areas lacking attention, is essential, with this 

study highlighting the potential camera traps have in improving conservation efforts. By 

identifying these knowledge gaps, the need for conservation areas, and effective conservation 

strategies, will hopefully be realised, especially in light of the increasing rate of species 

extinction globally (Dirzo et al., 2022).  

On the global scale, anthropogenic activities that impact the natural environments have 

led to species decline, and an understanding of how these pressures impact the persistence of 

biodiversity is vital for effective decision-making (Maseko et al. 2016; Ehlers Smith et al. 

2018). In South Africa, the forest biome constitutes a small portion of the total land surface 

area, with patches of forest located along the southern and eastern seaboards (Lawes et al. 

2007). The indigenous forests in southern Africa are declining because of natural and 

anthropogenic disturbances, resulting in fragmentation and alterations of ecosystem functions 
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(Lawes et al. 2007; Darkoh 2009). The history of these disturbances must be understood to 

determine the present ecology in these forests (Lawes et al. 2007). 

The forests in KwaZulu-Natal face threats from anthropogenic land use and climate 

changes, with highly diverse fauna and flora in these regions (Ricketts and Shackleton 2020). 

These factors make this region fitting to determine taxonomic and functional diversity patterns, 

with loss of habitat being one of the most influential threats to the continued survival of several 

terrestrial species (Maseko et al. 2016; Ehlers Smith et al. 2017). 

Determining the reasons for the distribution patterns of forest mammals and the 

processes impacting forest landscape changes is key to conservation planning, particularly in 

environments which have undergone anthropogenic disturbances (Lawes et al. 2004; 

Rodríguez-Echeverry et al. 2018). Small forest fragments are particularly important, as they 

are at a higher risk of biodiversity loss, with the loss of biodiversity having the potential to 

affect the overall forest dynamics, with the conservation of these forests being necessary to 

ensure these diversities can persist (Lawes et al. 2000b; Iezzi et al. 2018). In KwaZulu-Natal, 

the mammalian forest communities have not been extensively researched, and an improved 

understanding of how anthropogenic pressures impact the species residing in the limited forest 

habitats is imperative (Sosibo et al. 2022b).  

 

1.8 Aim and objectives 

The aim of this study was to assess the impacts anthropogenic activities have on mammalian 

forest presence in the Southern Mistbelt Forest patches in the Midlands of KwaZulu-Natal, 

South Africa. This was achieved through the following objectives: 

1. Assessment of the impacts anthropogenic disturbances have on forest mammal presence in 

the Southern Mistbelt Forest patches in the Midlands of KwaZulu-Natal, South Africa, using 

camera traps and species occupancy modelling; 
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2. Assessment of the influence of historical pressures on microhabitat structure between the 

wet and dry seasons and how these impact the occupancy of bushbuck Tragelaphus sylvaticus 

and Cape porcupine Hystrix africaeaustralis in the Southern Mistbelt Forests of KwaZulu-

Natal, South Africa; 

3. Investigate the effects factors, such as patch size, patch isolation distance and landscape 

configuration (number of neighbouring forest patches) have on forest mammal species 

diversity, in the austral wet and dry seasons, within the Southern Mistbelt Forests of KwaZulu-

Natal, South Africa. 

 

1.9 Study outline 

This thesis comprises five chapters, three of which are data chapters, which have either been 

published, or prepared for publication in relevant international peer-reviewed journals. There 

are instances of repetition in several of these chapters, which were unavoidable, particularly in 

the methods sections in those chapters using mammalian species composition data collected 

through the use of camera traps, as these data were used to answer different research questions 

and objectives. The hypotheses and/ or predictions are presented in the respective data chapters. 

The outline of the chapters in this thesis are: 

Chapter 1: Introduction 

Chapter 2: Camera trap research in Africa: A systematic review to show trends in wildlife 

monitoring and its value as a research tool 

Chapter 3: Influence of historical pressures on the vegetation characteristics between the wet 

and dry season and their impacts on the occupancy of bushbuck and Cape porcupine within the 

Southern Mistbelt Forests of KwaZulu-Natal, South Africa 

Chapter 4: Effect of seasonality and landscape factors on the occupancy of mammalian species 

within the Southern Mistbelt Forests of KwaZulu-Natal, South Africa 
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Chapter 5: Conclusions and recommendations 
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2.1 Abstract 

Camera traps have been used increasingly as a research tool to monitor wildlife globally, and 

have become more advanced, thereby improving their performance and lowering costs. Their 

use has allowed researchers to study a range of species, including rare and elusive species, 

particularly in remote areas, in a non-invasive, reliable and cost-effective way. In this review, 

we sought to document the camera trapping research on terrestrial wildlife conducted in Africa, 

identifying countries and habitat types of focus, and how these camera trap research trends in 

Africa could be improved in the future. Through a systematic literature search, we found 408 

peer-reviewed publications using camera traps to study terrestrial wildlife in Africa, with the 

first being in 2005 and up to 2021. Although camera trap studies were conducted in 38 African 

countries, most were in South Africa (28.9%). Most studies assessed the occupancy of species 

(41.4%). The studies covered a range of taxa, with mammals being the most popular. The 

majority of research focussed on large carnivores (24.8%), with a particular focus on leopards 

(Panthera pardus ) (60 studies). Most studies (43.9%) focused on a single species, with forests 

(174 studies, 42.6%) and savannah/bushveld (145 studies, 35.5%) being the habitat type of 

focus. There was also a strong preference for camera trap studies to be conducted in protected 

areas (68.9%). The camera trap methods used varied considerably between studies, which 

included: the number of camera trap stations, survey length, trap effort, camera trap make and 

model, camera trap flash type, interval delay, camera multishot, height of camera trap 

placement, camera trap layout method and whether the camera trap was baited. These 

variations are expected because of the difference in research goals posed by each study. 

However, studies with similar objectives and/or focus still display a clear lack of 

standardisation (studies do not conform to a specific standard), which could negatively impact 

the results obtained, as inappropriate camera trap protocols could affect the detectability of 

certain species. Future camera trap studies will hopefully extend to countries and taxa that have 
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received little attention, with further research informing appropriate conservation strategies 

that could reduce the threats to biodiversity.  

Keywords: camera traps; monitor wildlife; terrestrial wildlife; large carnivore; forest; 

protocols  

 

2.2 Introduction 

Africa is highly rich in biodiversity, comprising a range of habitat types, from dry deserts to 

tropical rainforests (Klopper et al., 2002). Biodiversity losses worldwide are primarily the 

result of anthropogenic habitat loss, fragmentation, land-use change, and increased population 

growth, with biodiversity being the most impacted in the hotspots located in tropical Africa 

and regions in Asia (Bach and Kelly, 2004; dos Anjos et al., 2011; Batáry et al., 2014; Aben et 

al., 2016; Habel et al., 2019; Alexander et al., 2019). 

Since the early 20th century, camera traps have been used for research and wildlife 

investigations and monitoring (Rowcliffe and Carbone, 2008; Agha et al., 2018); however, the 

use of camera traps in research has shown a drastic increase over the past two decades (Galvis 

et al., 2014). Camera traps are a highly useful tool for the monitoring of biodiversity, which is 

essential for identifying those areas in need of conservation strategies (Mann et al., 2015; 

Dupuis-Désormeaux et al., 2016a,b; Ferreras et al., 2017). Obtaining population size estimates 

of different species, although a historical challenge, is necessary to assess the effectiveness of 

conservation measures and to shape the direction of future management (Burton et al., 2015; 

Ramesh et al., 2016a,b; Chauvenet et al., 2017). Camera trapping could be especially useful in 

Africa and Europe, which received the least camera trap studies in previous reviews, especially 

with Africa lacking information on its biodiversity, with most taxa receiving relatively little 

attention (Klopper et al., 2002; Burton et al., 2015).  
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Camera trap strategies used will depend on several factors. Each study incorporating 

camera traps will strategise data collection based on the research question posed, the species 

of focus, the conservation status of the species and the resources available to the study (Roberts, 

2011; Meek et al., 2015). However, although each study will shape the sampling design based 

on these factors, a level of standardisation is necessary to ensure the aims of each study are 

effectively achieved, with appropriate sampling designs being essential for the interpretation 

of results (Brassine and Parker, 2015; Burton et al., 2015; Rich et al., 2019). This 

standardisation could relate to the settings and camera trap placement procedures used, as there 

is great variability in camera trap settings available, which could include trigger speed, image 

quality, number of images per capture and passive infrared sensitivity (Meek et al., 2015). 

These settings, coupled with the height of the installed camera trap, are important, as they can 

lead to misinterpretations of results because of the effect these factors have on detection (Meek 

et al., 2015).  

Our objective of this review was to assess the camera trap publications conducted in 

Africa and their use as a research tool. Global camera trap research has primarily been 

conducted on the continents of Asia (28.6%), North America (28.8%), and South America 

(23.0%), with far fewer studies being conducted in Africa (12.3%), which houses several 

biodiversity hotspots (Agha et al., 2018; Burton et al., 2015). Here, we reviewed camera trap 

studies conducted in Africa with the purpose of identifying the popularity of camera traps since 

their first use, the countries of focus (and those which have lacked attention), the species focus 

of the research (i.e., whether the study focused on particular taxa or species), the study 

objectives, the habitat and land use type of focus and the camera trap methods chosen. We also 

investigated whether there was any standardisation of procedures, particularly for certain 

species or species assemblages.  
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2.3 Methods 

2.3.1 Data collection 

We conducted a systematic literature search on camera trap based research in Africa over time 

up until the end of 2021 using the Web of ScienceTM and Scopus search engines on 10 April 

2022 and 30 May 2022, respectively. The search strings used for this review identified 

internationally peer-reviewed journal publications and conference proceedings of camera trap 

research across all African countries. To obtain these publications, we used the term ‘camera 

trap’ in the search string, along with six similar terms (remote camera, infrared triggered 

camera, trail camera, automatic camera, photo trap, remotely triggered camera), to ensure all 

relevant research was gathered. Each country in Africa was individually listed in the respective 

search strings used. The results for each publication were recorded in a Microsoft Excel 

spreadsheet. The search string used was not limited to publication date, ensuring all camera 

trap publications conducted in Africa were included, with the first detected study being 

published in 2005. We used a range of search strings (Supplementary information Table S2.1), 

which included the Web of ScienceTM and Scopus search phases, which were kept consistent 

to ensure repeatability, with the generated results recorded.  

 

2.3.2 Analyses of camera trap study design and use 

To investigate the various applications of camera traps, we recorded and summarised a range 

of variables. These included the year of publication, data capture methods (e.g. camera traps, 

line transects, etc.), the number of focal species (single, multiple, community), the species or 

general taxon of focus, study objectives (behavioural/ observations, occupancy (which includes 

density, population dynamics/ distribution and habitat use), demographics (e.g. species 

composition, sex, etc.) and multiple objectives), country the study was conducted in, 

description of the study area, the camera trap layout selected (random, systematic, deliberately-



30 
 

biased), the number of camera trap stations, the trap effort (number of camera traps x the 

number of days operational), the survey length (duration of the camera trap study), whether the 

cameras were baited, the habitat type (e.g. forest, grassland, etc.), land use type of the study 

area (protected area, e.g. National Park, farmland/ community managed land/ concession/ 

plantations, protected and unprotected areas, unprotected/ development/ urban, farmland and 

protected areas, unknown) and if the study was conducted in a biodiversity hotspot 

(Supplementary information Table S2.2). A biodiversity hotspot was considered to be those 

regions listed as a part of the 36 global biodiversity hotspots, with eight hotspots being listed 

across Africa (Habel et al., 2019). In addition, the study design variables for each study were 

recorded and assessed for trends relating to the approach used to collect data, as the design 

chosen for a study could have important consequences for the collection of data from the survey 

(Burton et al., 2015; Brassine and Parker, 2015). More detailed information on all the variables 

recorded can be found in the supplementary data (Supplementary information Tables S2.2-

S2.9).   

 

2.3.3 Analyses of camera trap protocols 

For each included publication, we recorded the camera trap make and model, as well as the 

camera settings and installation procedures used. These included the type of camera flash 

(infrared, xenon/ strobe flash, white flash/ white LED/ incandescent, film, black/ no glow), the 

image quality, the camera trap’s trigger time, the interval delay between camera trap triggers, 

camera multishot, whether a video was recorded, and the height that the camera trap was 

installed (Supplementary information Table S2.8). The settings and installation procedures 

used are important as they can influence the detectability of a species and the ability to repeat 

the results collected (Meek et al., 2014; Burton et al., 2015). This information was also 
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collected to identify trends and possible standardisation of camera trap protocols, which 

provides a form of consistency between studies (Meek et al., 2014).  

 

2.3.4 Inclusion and exclusion criteria 

Any published peer-reviewed African study that collected data through the use of camera traps 

was included in our review, regardless of whether there were multiple data collection methods. 

The research publication date needed to be conducted on any terrestrial animals in Africa from 

the first publication to include the use of camera traps (2005) to the end of 2021. The 

researchers needed to collect and present their own findings from the use of camera traps, 

meaning published articles that presented the data obtained from other studies were not 

included. Short communications, conference proceedings and notes and records that were 

published in a peer-reviewed journal were also included.  

The following types of publications were excluded from the review: 1) Studies that did 

not collect data through the use of camera traps; 2) publications that focused on methodological 

testing of camera trap equipment; 3) studies conducted in countries outside of Africa; 4) studies 

that did not focus on terrestrial animals; 5) literature reviews or reviews (Burton et al., 2015; 

Duporge et al., 2020); 6) publications or conference proceedings that were not peer-reviewed 

or inaccessible; 7) applied behavioural studies which focused on the responses to the presence 

of camera traps; 8) and qualitative research which did not provide quantitative data (Duporge 

et al., 2020; Supplementary information Table S2.9). 

 

2.3.5 Statistical analyses 

We mainly analysed the data obtained using descriptive statistics, specifically measures of 

frequencies. We used frequencies and percentages, generated through the use of Microsoft 

Excel 2013, to show trends. 
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2.4. Results 

2.4.1 Publications 

The Web of ScienceTM generated 628 peer-reviewed journal publications, or conference 

proceedings, from which 242 publications were excluded from the review as they did not meet 

the inclusion requirements set. An additional 22 publications were included in the review from 

the Scopus search string, bringing the total to 408 publications on which this review is focused. 

The first camera trap study was conducted in Africa in 2005 (Rovero et al., 2005). Since 2005, 

the number of subsequent publications produced has increased rapidly, particularly in the last 

decade (Fig. 2.1). In the first five years (2005-2009), 3.4% of camera trapping publications in 

Africa were conducted, with the following five years (2010-2014) seeing this total rise to 

14.7%. The last seven years (2015-2021) exhibited a large increase in publications, with 81.9% 

of camera trapping publications of the total conducted in Africa during this time. 

The majority of camera trap study objectives related to occupancy (169/408, 41.4%), 

followed by those studies which incorporated multiple objectives into their study (98/408, 

24%), with behavioural/ observational studies receiving significant focus as well (88/408, 

21.6%; Supplementary information Figure S2.1). Studies focusing on demographics received 

the least attention (53/408, 13.0%).  
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Fig. 2.1. Number of published camera trap studies conducted in Africa between 2005 and 2021 

presented as percentages. 

 

2.4.2 Distribution of camera trapping research in Africa 

Camera trap studies varied greatly in number across African countries (Fig. 2.2; Supplementary 

information Tables S2.2 and S2.3) between 2005 and 2021, with several countries displaying 

considerably higher numbers of camera trap publications than the rest. Out of the 54 African 

countries, camera trap studies were conducted in 38 (70.4%) countries, with 15 (3.7%) studies 

occurring across multiple countries, with the remaining 16 countries (29.6%; Supplementary 

information Table S2.4) having no camera trap studies published. Some of the 408 camera trap 

publications conducted in Africa reported on more than one country. To determine the 

percentage contribution made by each African country, we treated each country listed in those 

publications, with more than one country, as separate. The result brought the total to 429 
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publications across all the African countries. The majority of camera trap studies in Africa were 

conducted in South Africa (124/429, 28.9%), followed by Tanzania (51/429, 11.9%) and 

Namibia (27/429, 6.3%), respectively (Supplementary Information Table 2.2). The number of 

camera trap studies conducted across African countries was disproportionally high, with the 

top five countries contributing 250 (58.3%) of the total camera trap studies. 

 

2.4.3 Species focus 

Most African camera trap studies focused on a single species (179/408, 43.9%), with 

community (135/408, 33.1%) and multiple (90/408, 22.1%) species-focused studies being the 

second and third highest approaches used. Relatively few studies incorporated a combined 

(4/408, 1.0%) focal species assemblage approach (Supplementary information Tables S2.2  and 

S2.5). Studies that used camera traps to study communities of animals, especially mammals at 

a landscape level, were common, with these studies focusing on several species 

(Supplementary information Table S2.6). Species that were a study's target focus were included 

in the generated species list (Supplementary information Table S2.5), whilst studies focusing 

on an overall community of animals were excluded from this list. The numbers of species 

recorded from these community studies were instead generated in a separate list, which 

highlighted the number of taxa recorded by the study (Supplementary information Table S2.6). 

From the publications reviewed, a total of 209 species received focus, as well as six 

genera and one family were studied using camera traps (Supplementary information Table 

S2.5). The terrestrial wildlife species which received the most focus were mainly mammalian; 

carnivores (46.9%), followed by herbivores (26.9%), primates (12.9%), rodents (2.6%) and 

domestic mammals (2.0%) (Table 2.1; Supplementary information Table S2.5). The remaining 

species comprised 3.4% of the studies conducted. Large carnivores (24.8%) received the most 

focus from the camera trap studies in Africa, followed by small carnivores (15.6%). Several 
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species assemblages, such as amphibians (0.2%), insects (0.3%), reptiles (1.1%) and birds 

(5.7%), received little attention from the studies conducted. Certain species received particular 

attention in the species taxa, with publications around large carnivores being focused on 

leopard (Panthera pardus) (60), medium carnivores - serval (Leptailurus serval) (13), small 

carnivores – honey badger (Mellivora capensis) (9), large herbivores – African elephant 

(Loxodonta africana) (13), medium herbivores – bushbuck (Tragelaphus scriptus) (8), small 

herbivores – blue duiker (Philantomba monticola) (9) and primates – western chimpanzee (Pan 

troglodytes verus) (13). The remaining taxa did not display a focus on a particular species. This 

was particularly evident for those studies focusing on amphibians (e.g. goliath frog, Conraua 

goliath), birds (e.g. common ostrich, Struthio camelus), reptiles (e.g. Nile crocodile, 

Crocodylus niloticus), insects (e.g. African bee, Apis mellifera) and rodents (e.g. striped mouse, 

Rhabdomys spp.), which received relatively little research focus. 
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Fig. 2.2. Focus of camera trap studies conducted in African countries. 
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Table 2.1. Total number of camera trap studies conducted in Africa for each taxon between 

2005 and 2021, and also represented as a percentage of the total number of studies. (Note 

studies focussing on a community of animals were excluded (Supplementary information Table 

S2.6). 

 

2.4.4 Habitat and land use type 

Most camera trap studies conducted in Africa occurred in forests (174/408; 42.6%), with 

savannah/ bushveld (145/408; 35.5%), grassland (100/408; 24.5%) and woodland (87/408; 

21.3%) also receiving considerable focus (Supplementary information Tables S2.6 and S2.7). 

The remaining habitat types were less common (e.g., sand dunes), with approximately half of 

the recorded habitat types having less than ten studies conducted in each.  

 The majority of camera trap studies were conducted in protected areas (281/408, 

68.9%), followed by farmland/ community managed land/ concessions/ plantations (47/408, 

11.5%) and a combination of farmland and protected areas (42/408, 10.3%; Supplementary 

Figure S2.2). The remaining land use type combinations (e.g. studies conducted in protected 

and unprotected areas) received little attention. Most African camera trap research was 

Taxon Number of studies conducted 

Percentage of total camera trap 

studies in Africa (%) 

Insect 2 0.3 

Amphibian 1 0.2 

Reptilian 7 1.1 

Avian 35 5.7 

Mammalian   
Domestic 12 2.0 

Small omnivore 9 1.5 

Rodent 16 2.6 

Primate 79 12.9 

Small carnivore  96 15.6 

Medium carnivore  40 6.5 

Large carnivore 152 24.8 

Small herbivore 44 7.2 

Medium herbivore 44 7.2 

Large herbivore 77 12.5 
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conducted in areas that were not biodiversity hotspots (247/408, 60.5%), with few studies 

conducting research in both areas (12/408, 2.9%). The remaining camera trap studies were 

conducted in biodiversity hotspots (149/408, 36.5%).  

 

2.4.5 Sampling effort 

The number of camera trap stations used in the studies conducted in Africa varied considerably, 

from one to 1 339 camera trap locations, with 13 studies (3.2%) not reporting the exact number 

of camera trap stations used (e.g. Buschke, 2016; Supplementary information Table S2.2). The 

total survey length also varied considerably, from 11 h to monitor a goliath frog’s nest (Schäfer 

et al., 2019), to a span of roughly 10 years (Rich et al., 2017a,b), with nine studies (2.2%) not 

reporting the survey length. Trap effort varied from 11 h to 719 200 camera trap days, with 114 

studies (27.9%) not providing the total trap effort. Of the studies which had reported the total 

trap effort (294 studies), 222 studies (75.5%) reported a total camera trap effort of more than 

1 000 camera trap days.  

 

2.4.6 Camera trap types and methods 

Most African camera trap studies (371/408, 90.9%) reported the camera trap make or model 

used (Supplementary information Tables S2.8). From the studies reporting the camera trap 

make or model used (371 studies), the majority of studies (217/371, 58.5%) used a single 

camera trap make and model to collect data, with the remaining studies (154/371, 41.5%) 

incorporating multiple camera trap makes and/or models for data collection.  

Most African camera trap studies did not provide information on the type of camera 

flash used (233/408, 57.1%), with only 175 studies (42.9%) reporting the type of camera trap 

flash used in the study (Supplementary information Tables S2.8). There was a large disparity 

between the type of camera flash used among those studies which reported it (Supplementary 
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information Figure S2.3), with most studies (143/175, 81.7%) using the infrared camera flash, 

followed by xenon/ strobe flash (8/175, 4.6%) and white flash/ white LED/ incandescent 

flashes (7/175, 4.0%). Film camera flash types made up a small portion (2/175, 1.1%) of 

studies, with the extra 8.6% resulting from those studies which used multiple camera flashes. 

The interval delay used also varied considerably, with the delay between a camera 

trigger ranging from no delay to a delay of 20 min, with the study using a 20 min delay to 

assess the foraging and habitat use of common duikers (Sylvicapra grimmia) (Abu Baker and 

Brown, 2013) (Supplementary information Tables S2.8). Many studies did not report the 

interval delay used for the camera traps deployed (194/408, 47.5%). Of those studies which 

reported the interval delay used (214 studies), the majority (183/214, 85.5%) used an interval 

delay of 60 s or less, with studies using an interval delay of more than 60 s (8/214, 3.7%) being 

significantly less common. Several studies (23/214, 10.7%) incorporated multiple interval 

delays. 

Relatively few studies used, or reported the use, of the camera multishot (306/408, 

75.0%) or video (348/408, 85.3%) function, with the studies using the multishot function 

(102/408, 25.0%) using a multishot ranging from one to 10 images per capture, whilst the 

studies using the video function (60/408, 14.7%) recorded videos ranging from 5 seconds to 

being continuous whilst being triggered (Supplementary information Tables S2.8). 

From the studies which reported the height of the camera trap placement (246/408, 

60.3%, Supplementary information Tables S2.8), the heights ranged considerably from 10 to 

~4000 cm. The maximum height that a camera trap was placed (~4000 cm) was in a study 

assessing the removal and predation of aril-covered seeds on the ground and in the canopy 

(Evrard et al., 2019). Generally, studies focused on small-medium mammals used a height 

placement ranging from 10 to 160 cm, while larger mammal studies used a height from ~15 to 
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400 cm. Camera trap height placement for primates also varied significantly, from ~15 to 900 

cm, with arboreal camera traps being pointed towards a trunk or branch (Webber et al., 2020). 

Several camera trap data collection methods were used in the research conducted in 

African countries, with the systematic (171/408, 41.9%) approach being the most frequently 

used. This approach focuses on placing camera traps at regular intervals, such as grids or 

transects (Meek et al., 2014). The deliberately biased (142/408, 34.8%) method was the second 

most frequently used camera trap layout used, which focuses on placing camera traps at specific 

points of interest, such as waterholes and holes in fences (Meek et al., 2014). Although 

significantly less than the first two approaches, the random (49/408, 12.0%) layout method was 

the third-highest approach, which focuses on placing camera traps in a way that would allow a 

representative sample of the landscape to be achieved, such as covering various habitat types 

across a landscape (Meek et al., 2014). The remaining layout approaches were less frequently 

used, which consisted of the non-random (10/408, 2.5%), stratified random (5/408, 1.2%), 

pseudostratified (2/408, 0.5%) and systematic random (2/408, 0.5%) methods. Few studies 

incorporated a combined (19/408, 4.7%) layout approach, with some studies not providing 

(8/408, 2.0%) the layout approach used in their camera trapping survey.  

Most African studies did not use baited camera trap stations (365/408, 89.5%), with 

those studies using baited stations (36/408, 8.8%) focusing on carnivore species. The remaining 

studies incorporated a combined baiting (7/408, 1.7%) method, whereby only certain stations 

were baited.  

 

2.5. Discussion 

2.5.1 Publications 

The number of camera trap studies conducted in Africa displayed a drastic increase a few years 

after the first camera trap study was conducted in 2005 in Tanzania by Rovero et al. (2005). 



41 
 

This showed a clear indication of how there has been a considerable increase in studies that use 

camera trapping as a conservation tool to monitor, sample, and conserve animal populations 

(Rowcliffe and Carbone, 2008; Noss et al., 2012; Galvis et al., 2014). This increase was most 

notable between 2014 and 2021, which displayed a rapid increase in camera trap publications, 

with this period being responsible for 85.8% of the total studies conducted. This sudden 

increase in focus using camera traps may be the result of the increasing need to understand the 

impacts of severe global changes as a result of anthropogenic activities on biodiversity and 

functionality of ecosystems, especially if we are to prevent its loss (Pettorelli et al., 2010; Rich 

et al., 2017b). The increase in the use of camera traps may further be the result of camera traps 

becoming a more affordable and efficient method for obtaining species abundance and density 

estimates for animals, particularly over the last few decades, with the non-invasive 

characteristic of camera traps also allowing them to investigate animal behaviour (Swinnen et 

al., 2014; Anile and Devillard, 2016; Satterfield et al., 2017).  

The focus of camera trap studies on the occupancy of mammals was likely because this 

resulting knowledge is essential for the conservation of species when considering aspects such 

as land use intensification (Ramesh and Downs, 2015). The effects environmental disturbances 

have on species could be determined through occupancy, which can provide information on 

population status, as mammals are effective indicators of these disturbances (Ramesh and 

Downs, 2015). The ability to estimate the distribution of species through occupancy analysis 

allows valuable information to be available for the conservation of wildlife populations 

(Shannon et al., 2014). This technique may be particularly popular because it is an effective, 

cost-effective method for many species, which could provide insights into the alterations of 

species distributions, providing valuable information to conservation practitioners and wildlife 

managers (Shannon et al., 2014).   
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Behavioural studies were also popular, likely because of the understanding that 

knowledge of the behaviours of animals plays an essential role in the implementation of 

conservation strategies, as the knowledge gained could assist in these efforts (Berger-Tal et al., 

2011). Behavioural approaches allow insight into the habitat quality through the animal's 

perspective, which could determine the environment's status and its potential future suitability 

(Abu Baker and Brown, 2014).  

 

2.5.2 Distribution of camera trapping research in Africa 

Sub-Saharan Africa is highly rich in biodiversity, having several hotspots being home to many 

endemic and threatened species, making these regions essential for conservation (Blackburn 

and Measey, 2009), which was reflected by the focus of camera trap research in these areas. 

Generally, research using camera traps has targeted these species-rich areas, because of their 

conservation importance, with the vast majority of research focus being directed in South 

Africa (124, 28.9%). This is likely because the country has several biodiversity rich areas, 

which includes the Cape Floristic Region, which is one of the most species-rich areas in the 

world, with roughly 70% of the species found in the region being endemic (Forest et al., 2007; 

Schnitzler et al., 2011). The Succulent Karoo, occurring along the west coast of South Africa 

and southern Namibia is also rich in biodiversity (Schnitzler et al., 2011), with areas of the 

country being characterised by land uses, such as: livestock farming, wildlife ranching, game 

farms, trophy hunting and eco-tourism (Fabiano et al., 2020). Many of these farmland areas are 

unfenced, free-movement areas, which creates a conflict between domestic livestock farms and 

carnivores (Edwards et al., 2015). Namibia received significant camera trap focus (27, 6.3%), 

with the majority of studies being conducted on farmlands (14/27, 51.9%), with carnivores 

receiving the most attention (17/27, 63%). The high number of camera trap research studies 

conducted in Tanzania (51, 11.9%) could also be the result of the region comprising the highest 
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concentration of vertebrates and endemic plant species in the world, occurring specifically 

along the Eastern Arc Mountains and coastal forests, which extend into Kenya, which also 

received considerable focus (22, 5.1%) (Blackburn and Measey, 2009). Tanzania may have 

also received significant focus as it relies heavily on wildlife tourism, which is the second 

largest contributor of foreign currency in the country, which contributes greatly to economic 

growth (Pettorelli et al., 2010). Due to the dependency on wildlife for tourism, carnivores play 

an important role in the country, with conservation being vital in Tanzania, which is home to 

biodiversity hotspot areas (Pettorelli et al., 2010). 

Although not considered a biodiversity hotspot, western and central Africa has a high 

biodiversity value, with considerable camera trap research being conducted in Gabon (26, 

6.1%) (Herrmann et al., 2005). Camera trap research focus decreased in central Africa, with 

these high biodiversity regions being severely impacted by a lack of formal protected areas, 

which experience significant habitat destruction (Herrmann et al., 2005). Future research and 

conservation efforts could possibly be improved in African countries with low research 

numbers and conserved areas by including the local people and their cultural practices in 

biodiversity conservation (Adom, 2016). This inclusion has been shown to positively affect 

biodiversity conservation and social relations, as many cultures have significant knowledge of 

effective conservation practices in their cultural practices (Adom, 2016). This inclusion has 

shown significant success in countries such as Tanzania, which have successfully involved 

traditional practices in conservation efforts (Adom, 2016). These efforts may eventually lead 

to the need for more research on wildlife monitoring in these areas, as this would assess the 

effectiveness of the conservation strategies and shape the direction of future management 

(Ramesh et al., 2016a,b; 2017a,b; Chauvenet et al., 2017). 

Generally, countries in Africa which are home to biodiversity hotspots have received 

significant camera trap research attention; however, this was not always the case. Several 
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species rich countries, some of which (e.g. Ethiopia, Somalia, Liberia and Sierra Leone) 

received little to no attention from camera trap research. This lack of attention is likely the 

result of the wars and political unrest experienced in these countries, which often result in the 

ceasing of conservation efforts because of a lack of available resources despite their high 

biodiversity value (Herrmann et al., 2005; Hansen et al., 2009). Effective conservation 

management is relatively costly, with sustained conservation efforts in these countries through 

national-level funding and international development programs being ineffective as funds 

disappear with the loss of control by the government (Frazee et al., 2003; Hansen et al., 2009). 

Despite this, sustained conservation efforts were possible through the support and finances 

provided by non-governmental organisations (NGOs) (Hansen et al., 2009). 

The disparity between camera trap studies conducted across African countries could 

also be attributed to the human development index (HDI) (Agha et al., 2018). We found that 

countries with relatively few camera trap studies or no studies conducted generally had lower 

HDI scores. Due to the natural environments in some countries, particularly the more arid 

countries, camera trap studies may be less common because of the heat negatively affecting 

the passive infrared sensor, with the sensors becoming less reliable as the ambient temperature 

and temperature of the moving animal becoming similar (McCallum, 2013; Meek et al., 2014).  

 

2.5.3 Species focus 

The research on terrestrial mammals using camera traps has become increasingly popular as a 

result of their increased effectiveness and reduced costs (Tobler et al., 2008). We found studies 

that used camera traps to study communities of animals, especially mammals at a landscape 

level, to be common (33.1%). This is likely because information is often scarce regarding the 

trends or statuses of mammalian communities (Ahumada et al., 2011). In habitats such as 

tropical forests, mammalian communities are rich, with these mammals having a significant 
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role in the ecosystem's functionality (Ahumada et al., 2011; Chiew et al., 2022). It is important 

to gain an understanding of species distributions if biodiversity loss is to be prevented, with 

community studies providing the necessary distributional data and information on the factors 

shaping ecological communities, which could assist management practices, particularly for 

those communities affected by anthropogenic threats (Ahumada et al., 2011; Cavada et al., 

2019). Studies focusing on the mammalian communities are particularly important for effective 

management practices as applied strategies may affect all species in a landscape (Cavada et al., 

2019; Zungu et al., 2020a,b; Sosibo et al., 2022).  

We found most camera trap studies in Africa have focused on single species, with 

increased community studies in recent years. There was a strong use of camera traps for 

mammalian studies, especially carnivore studies. The strong preference for camera trap studies 

to be focused on African carnivores is likely the result of the ability of camera traps to monitor 

rare and elusive species occurring at low densities or with large home ranges non-invasively 

(Brassine and Parker, 2015; Ferreras et al., 2017; Rich et al., 2017a,b; Van der Weyde et al., 

2018), which are often individually identifiable, because of their unique markings (Burton et 

al., 2015; Anile and Devillard, 2016). Carnivores in Africa are also economically important for 

many countries that rely on tourism, as they provide numerous benefits, such as wildlife 

photography and hunting tourism (Pettorelli et al., 2010). This is reinforced by the fact that 

leopard (60 studies), lion (Panthera leo, 24 studies) and spotted hyena (Crocuta crocuta, 23 

studies) were the primary species of focus. Leopards, in particular, may have received 

significant focus in camera trap studies because of the ongoing threat habitat destruction has 

on this species, with their global range being reduced by ~30% (Abade et al., 2018). These 

threats are expected to result in the further population decline of this species, with their 

conservation being essential for maintaining ecosystems (Abade et al., 2018; Aebischer et al., 

2020). In countries, such as Tanzania, leopard conservation is vital, as the species provides 
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considerable economic gain for the country (Abade et al., 2018). Carnivores, in general, are 

also of interest in many studies because they are often threatened and influence many species 

in other trophic levels, with carnivores also being significantly impacted by anthropogenic 

activities because of the large areas required by these species (McCallum, 2013; Rodríguez‐

Recio et al., 2022). Although large carnivores had the most focus in terms of the number of 

studies conducted (152), only eight species of large carnivores were focused on. Although 

smaller carnivores received significant focus (94 studies), the focus was split among 37 species 

and one genus. Consequently, no particular species received significant focus, with studies on 

smaller and medium carnivores often lacking despite their ecological importance and the 

threatened conservation status of some species (Satterfield et al., 2017).  

Camera trap studies rarely focused on species assemblages relating to: Aves, 

amphibians, reptiles and insects. This lack of research focus is likely because of the availability 

of more appropriate sampling techniques for these species assemblages, as the use of camera 

traps has been a popular research tool for those studying rare and cryptic species with unique 

markings, which are difficult to observe using alternative techniques (O’Brien, 2008; Burton 

et al., 2015; Dupuis-Desormeaux et al. 2016a; Ferreras et al. 2017). Camera traps may not be 

the most appropriate tool to study these species assemblages either, as the images obtained are 

often blurry and of poor photograph quality, which can hinder the ability to accurately identify 

the species of interest belonging to these assemblages (Dorning and Harris, 2019).  

 

2.5.4 Habitat and land use type 

From the studies reporting the habitat type in which camera trap studies were conducted in 

Africa, the majority were conducted in forests, with savannah/ bushveld also receiving 

significant attention. The disparity between habitat types covered is significant, with many 

habitat types receiving little focus. The preference for camera trap studies to be conducted in 
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forests may be because the habitat is visually restrictive and difficult to sample using other 

observation methods (McCallum, 2013; Ferreras et al., 2018). Camera trapping in forests also 

allows rare and elusive species to be observed, with direct and aerial observation methods not 

being a viable option (McCallum, 2013; Ehlers Smith et al., 2018, 2019; Rich et al., 2020; 

Zungu et al., 2020a,b; Sosibo et al., 2022).  

The majority of camera trap studies were conducted in protected areas, such as National 

Parks, which are responsible for the protection of many species, such as leopards, which are 

economically important for several African countries, such as Tanzania (Abade et al., 2018). 

Studies in protected areas seek to provide valuable field data which are lacking for species, 

such as the leopard, with these studies contributing to the development of effective 

conservation strategies (Abade et al., 2018). Large carnivores in small enclosed reserves are 

essential for regulating the natural ecosystem and reducing prey populations (Jooste et al., 

2013). To effectively manage carnivores and the carrying capacity of enclosed reserves, 

knowledge of the population sizes and the dynamics of social groupings is essential for wildlife 

management and animal ecology (Jooste et al., 2013; Stratford et al., 2020). Land use types 

outside of protected areas, such as farmland/ rangeland, also received significant camera trap 

study focus, with several studies being conducted in farmland and protected areas. This is 

because of the importance of managing surrounding unprotected lands outside of small 

protected areas, as this is important for the effective conservation of many carnivore species 

(Kauffman et al., 2007). This is especially true for countries such as Namibia, which comprise 

86% unprotected rangelands, which are home to roughly 90% of the populations of several 

large mammal species, such as cheetah (Acinonyx jubatus), which are primarily located outside 

of protected areas (Kauffman et al., 2007; Schumann et al., 2006). These areas also received 

significant study focus as there is often a history of human-wildlife conflict, resulting in the 

decline of wildlife species (Fink et al., 2020). The human-wildlife conflict could result in 
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financial strain for many people and the economy, as wildlife could be responsible for crop 

destruction and the depredation of livestock (Fink et al., 2020). This conflict can result in the 

killing of carnivore species, particularly the larger carnivore species, which can hinder 

conservation efforts (Fink et al., 2020). This was particularly evident in the Masai Mara Nature 

Reserve, where large carnivores would leave the protected areas to hunt livestock in the 

surrounding farmlands (Fink et al., 2020). 

Most studies were not conducted in biodiversity hotspots; however, these areas did 

receive significant attention (36.5% of total studies) despite the total area it covers across the 

African continent. This may be because of the ecological importance of these areas, as loss of 

biodiversity affects all taxonomic groups, with habitat loss often resulting in the extinction of 

some species (Jumeau et al., 2017). These areas may be of particular interest to camera trap 

studies as they can provide biodiversity inventories and conservation assessments (Mann et al., 

2015; Rich et al., 2017b).  

 

2.5.5 Sampling effort 

Studies which reported high numbers of trapping efforts generally focused on carnivores, likely 

because some species occur at low densities across large areas, which would greatly reduce the 

chance of capture; therefore, an extended survey period could improve the chance of capture 

(Brassine and Parker, 2015). It is apparent in the camera trapping studies conducted in Africa 

that there is little standardisation of procedures when focusing on particular species 

assemblages, such as carnivores, with trapping effort and the number of camera trap stations 

varying considerably. This is most likely because of a difference in the research question posed 

and resource constraints between studies (Roberts, 2011; Meek et al., 2015), which make 

complete standardisation between studies impractical. However, considerable variation could 

be problematic for many species, as an insufficient sampling effort may significantly impact 
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the ability of the survey design to detect rare species (Burton et al., 2015). The lack of 

standardisation regarding trapping effort, distances between camera traps and size of the area 

surveyed is a recognised problem for carnivores (Ferreras et al., 2017). It is generally 

recommended that site-specific camera trap placement be conducted for carnivores, as the 

probability of detection is highest using this method (Brassine and Parker, 2015), with the 

camera trap placement used, as well as their spacing and length of deployment, having an 

impact on the results and inferences made from the data collected in a study (Burton et al., 

2015; Ferreras et al., 2017; Rich et al., 2019).  

 

2.5.6 Camera trap types and methods 

Most camera trap mammalian studies in Africa were conducted using a single camera trap 

make and model; however, many studies incorporated several camera trap makes and models 

into a survey. This could potentially impact the detectability of certain species, as well as the 

repeatability of the collected results, with camera trap models having different detection zone 

sizes, battery life, reliability, image quality, waterproofing and trigger speeds (Meek et al., 

2014; Burton et al., 2015; Meek et al., 2015). Many studies also failed to report the type of 

camera flash, the interval delay used, the camera multishot function or the height that the 

camera trap was placed. Studies which reported these settings had considerable variability in 

the settings used. Although variability in survey design between studies is to be expected 

because of differences in research objectives, the specifics of the camera trap used, the settings 

adopted, and the height placed could have significant impacts on the ability of a study to detect 

the species of interest (Meek et al., 2015; Burton et al., 2015). This lack of standardisation and 

reliable protocols is also problematic because of the possibility of studies producing misleading 

results and preventing the ability of studies to compare results effectively (Meek et al., 2014; 

Brassine and Parker, 2015). A standardised protocol is particularly important when focusing 
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on specific species, as the method in which the camera traps are deployed may affect the ability 

of the study design to detect the species of focus (Meek et al., 2014). Through a more standard 

camera trap protocol, a more reliable and consistent collection of results could become possible 

(Burton et al., 2015). To achieve this, it is vital that future research provide detailed reports on 

the sampling procedures used, as well as the technical difficulties faced. This would allow 

effective comparisons between studies, ensuring the most appropriate procedure is followed, 

thereby ensuring measures which could negatively influence the ability of the study to detect 

the species of focus be avoided (Burton et al., 2015; Meek et al., 2015; Newey et al., 2015). 

The adoption of appropriate sampling procedures to effectively detect wildlife is vital for 

conservation management, as it requires effective monitoring of biodiversity to learn from the 

conservation strategies enforced, and to guide future conservation management practices 

(Lindenmayer et al., 2012).  

 

2.5.7 Conclusions 

Through the review of camera trap studies conducted in Africa, it is clear that it has become an 

increasingly popular method to study various species, with carnivores, particularly large 

carnivores, receiving significant focus. The focus of camera trap research is disproportionate 

across African countries, with countries such as South Africa, receiving considerably more 

focus, with many African countries receiving little attention. This large disparity in research 

focus could possibly be improved through the inclusion of local people and their traditional 

practices in biodiversity conservation, which could eventually lead to the need for research to 

monitor wildlife populations. Countries with biodiversity hotspots generally received more 

research focus; however, factors such as political instability and conflict severely reduced the 

studies conducted in several species-rich countries. Despite the conservation struggles 

experienced in these countries, NGO funding and support showed positive results for 
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maintaining conservation areas. Future trends will hopefully shift to those understudied 

countries, which often lack conservation areas, as biodiversity estimates could assist in 

implementing appropriate conservation strategies. There was also a strong preference for 

studies to be conducted in protected areas, likely because of the need for field data to implement 

effective conservation strategies, which is vital for the protection of many species, such as 

leopard. The assessment of camera trap methodologies used in Africa for all species taxa of 

focus has shown that there is a clear lack of standardisation of camera trapping procedures 

used. In particular, aspects such as sampling effort, camera trap make and model, interval delay, 

camera multishot, height of camera trap placement, camera layout and baiting procedures, 

ranged significantly between studies focusing on the same species. Many studies did not 

provide a comprehensive report on the camera trap settings and procedures used, which is 

important as these factors have a significant impact on the ability of the study to detect the 

species of interest. Future research implementing a standardised camera trap procedure could 

allow studies to effectively compare results and allow appropriate protocols to be implemented 

when focusing on specific species, which would ensure the most appropriate method to detect 

the species is conducted, with these factors allowing for a reliable and consistent collection of 

data.  
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2.7 Supplementary Information 

Supplementary Information Table S2.1. Search strings used to document camera trap 

research in Africa in the present study 

Web of ScienceTM search string:  

TS=((camera trap*  OR remote camera*  OR infrared triggered camera*  OR trail camera*  

OR automatic camera*  OR photo trap*  OR remotely triggered camera*)  AND (Africa  OR 

Algeria  OR Angola  OR Benin  OR Botswana  OR Burkina Faso  OR Burundi  OR 

Cameroon  OR Cape Verde  OR Central African Republic  OR Chad  OR Comoros  OR 

Democratic Republic of the Congo  OR Republic of the Congo  OR Djibouti  OR Egypt  OR 

Equatorial Guinea  OR Eritrea  OR Eswatini OR Ethiopia  OR Gabon  OR Gambia  OR 

Ghana  OR Guinea  OR Guinea-Bissau  OR Ivory Coast  OR Kenya  OR Lesotho  OR Liberia  

OR Libya  OR Madagascar  OR Malawi  OR Mali  OR Mauritania  OR Mauritius  OR 

Morocco  OR Mozambique  OR Namibia  OR Niger  OR Nigeria  OR Rwanda  OR São 

Tomé and Príncipe  OR Senegal  OR Seychelles  OR Sierra Leone  OR Somalia  OR South 

Africa  OR South Sudan  OR Sudan  OR Swaziland  OR Tanzania  OR Togo  OR Tunisia  

OR Uganda  OR Zambia  OR Zimbabwe)).  

Scopus search string:  

((camera trap)) OR ((remote camera)) OR ((infrared triggered camera)) OR ((trail camera)) 

OR ((automatic camera)) OR ((photo trap)) OR ((remotely triggered camera)) AND (Africa) 

OR (Algeria) OR (Angola) OR (Benin) OR (Botswana) OR (Burkina Faso) OR (Burundi) 

OR (Cameroon) OR (Central African Republic) OR (Chad) OR (Comoros) OR (Democratic 

Republic of the Congo) OR (Republic of the Congo) OR (Djibouti) OR (Egypt) OR 

(Equatorial Guinea) OR (Eritrea) OR (Eswatini) OR (Ethiopia) OR (Gabon) OR (Gambia) 

OR (Ghana)  OR (Guinea) OR (Guinea-Bissau) OR (Ivory Coast) OR (Kenya) OR (Lesotho) 

OR (Liberia) OR (Libya) OR (Madagascar) OR (Malawi) OR (Mali) OR (Mauritania) OR 

(Mauritius) OR (Morocco) OR (Mozambique) OR (Namibia) OR (Niger) OR (Nigeria) OR 

(Rwanda) OR (São Tomé and Príncipe) OR (Senegal) OR (Seychelles) OR (Sierra Leone) 

OR (Somalia) OR (South Africa) OR (South Sudan) OR (Sudan) OR (Swaziland) OR 

(Tanzania) OR (Togo) OR (Tunisia) OR (Uganda) OR (Zambia) OR (Zimbabwe). 
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Supplementary Information Table S2.3. Summary of camera trap studies conducted in 

African countries and their percentage total contribution to all publications between 2005 and 

2021. 

 

African country Area of country 

(km2) 

Studies conducted 

per km2 

Camera trap 

studies 

conducted 

Percentage 

of camera 

trap 

studies (%) 

South Africa 1,221,037 0.000101553 124 28.9 

Tanzania 945,087 0.0000539633 51 11.9 

Namibia 825,615 0.0000327029 27 6.3 

Gabon 267,668 0.0000971353 26 6.1 

Kenya 580,367 0.000037907 22 5.1 

Madagascar 587,041 0.0000357726 21 4.9 

Botswana 582,000 0.000032646 19 4.4 

Uganda 241,550 0.0000745187 18 4.2 

Cameroon 475,442 0.0000294463 14 3.3 

Democratic Rep. of Congo 2,344,858 0.0000051176 12 2.8 

Mozambique 801,590 0.0000137227 11 2.6 

Zimbabwe 390,757 0.0000230322 9 2.1 

Ivory Coast 322,463 0.000024809 8 1.9 

Senegal 196,722 0.0000406665 8 1.9 

Ethiopia 1,104,300 0.0000063389 7 1.6 

Rwanda 26,338 0.0001898398 5 1.2 

Niger 1,267,000 0.0000031571 4 0.9 

Angola 1,246,700 0.0000024064 3 0.7 

Burkina Faso 272,967 0.0000109903 3 0.7 

Central African Republic 622,984 0.0000048155 3 0.7 

Ghana 238,533 0.0000125769 3 0.7 

Malawi 118,484 0.0000253199 3 0.7 

Republic of the Congo 342,000 0.0000087719 3 0.7 

Sierra Leone 71,740 0.0000418177 3 0.7 

Benin 112,622 0.0000177585 2 0.5 

Guinea 245,857 0.0000081348 2 0.5 

Guinea-Bissau 36,125 0.0000553633 2 0.5 

Mauritius 2,040 0.0009803922 2 0.5 

Morocco 446,550 0.0000044788 2 0.5 

Swaziland 17,364 0.0001151808 2 0.5 

Tunisia 163,610 0.0000122242 2 0.5 

Zambia 752,612 0.0000026574 2 0.5 

Algeria 2,381,741 0.0000004199 1 0.2 

Equatorial Guinea 28,051 0.0000356494 1 0.2 

Liberia 111,369 0.0000089792 1 0.2 

Nigeria 923,768 0.0000010825 1 0.2 

Seychelles 452 0.0022123894 1 0.2 

Togo 56,785 0.0000176103 1 0.2 
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Supplementary Information Table S2.4. African countries where no published camera trap 

studies were found in the present study. 

African countries excluded from camera 

trap studies 

Burundi Lesotho 

Cape Verde Libya 

Chad Mali 

Comoros Mauritania 

Djibouti São Tomé and Príncipe 

Egypt Somalia 

Eritrea South Sudan 

Gambia Sudan 
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Supplementary Information Table S2.5. The family, genus or species of all the terrestrial 

animals which received attention from camera trap studies conducted in African countries and 

the total number of studies published for each from 2005-2021. Some of the mammals were 

further grouped as small, medium or large carnivore or herbivore. 

Family studied Genus studies Species studied Taxon Number of 

studies 

conducted 
  

Aethina tumida Insect 1 
  

Apis mellifera adansonii Insect 1 
  

Conraua goliath Amphibian 1 
  

Crocodylus niloticus Reptile 1 
  

Hemicordylus capensis Reptile 1 
  

Karusasaurus polyzonus Reptile 1 
  

Ouroborus cataphractus Reptile 1 
  

Phelsuma guentheri Reptile 1 
  

Rhoptropella ocellata Reptile 1 
  

Smaug giganteus Reptile 1 
  

Accipiter melanoleucus Avian 1 
  

Agelestres meleagrides Avian 1 
  

Anous stolidus Avian 1 
  

Anous tenuirostris Avian 1 
  

Anthobaphes violacea Avian 1 
  

Aplopelia larvata Avian 2 
  

Aquila verreauxii Avian 1 
  

Buphagus africana Avian 1 
  

Buphagus erythrorhynus Avian 1 
  

Copsychus albospecularis Avian 1 
  

Coua serriana Avian 1 
  

Geobiastes squamiger Avian 1 
  

Geokichla gurneyi Avian 1 
  

Guttera edouardi Avian 1 
  

Guttera verreauxi Avian 1 
  

Gygis alba Avian 1 
  

Gyps africanus Avian 1 
  

Lophotibis cristata Avian 1 
  

Mentocrex kioloides Avian 1 
  

Necrosyrtes monachus Avian 2 
  

Nectarinia famosa Avian 1 

Nectariniidae 
  

Avian 1 
  

Phaethon lepturus Avian 1 
  

Polyboroides radiatus Avian 1 
  

Pternistis afer Avian 1 
  

Sarothrura ayresi Avian 3 
  

Stephanoaetus coronatus Avian 2 
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Struthio camelus Avian 1 

  
Torgos tracheliotos Avian 1 

  
Zoothera guttata Avian 1 

  
Bos taurus Domestic mammal 3 

  
Canis familiaris Domestic mammal 3 

  
Capra aegagrus hircus Domestic mammal 1 

  
Equus africanus Domestic mammal 1 

  
Felis catus Domestic mammal 1 

  
Ovis aries Domestic mammal 2 

  
Sus scrofa domesticus Domestic mammal 1 

  
Cricetomys emini Rodent 1 

  
Cricetomys gambianus Rodent 2 

 
Eliurus spp. 

 
Rodent 2 

  
Hystrix africaeaustralis Rodent 3 

  
Hystrix cristata Rodent 2 

  
Lophiomys imhausi Rodent 2 

 
Nesomys spp. 

 
Rodent 2 

  
Rhabdomys pumilio Rodent 1 

 
Scrunidae spp. 

 
Rodent 1 

  
Phataginus tricuspis Small insectivore/ carnivore 1 

  
Smutsia gigantea Small insectivore/ carnivore 1 

  
Rhynchocyon chrysopygus Small omnivore 2 

 
Rhynchocyon spp. 

 
Small omnivore 1 

  
Rhynchocyon udzungwensis Small omnivore 2 

  
Setifer setosus Small omnivore 2 

  
Tenrec ecaudatus Small omnivore 2 

  
Avahi laniger Primate 1 

  
Avahi peyrierasi Primate 1 

  
Cercocebus atys Primate 1 

  
Cercocebus sanjei Primate 1 

  
Cercopithecus hamlyni Primate 1 

  
Cercopithecus mitis Primate 1 

  
Cheirogaleus major Primate 2 

 
Cheirogaleus spp. 

 
Primate 1 

  
Chlorocebus dryas Primate 1 

  
Chlorocebus pygerythrus Primate 4 

  
Colobus guereza Primate 1 

  
Daubentonia madagascariensis Primate 2 

  
Eulemur albifrons Primate 1 

  
Eulemur rubriventer Primate 2 

  
Eulemur rufifrons Primate 2 

  
Galago moholi Primate 1 

  
Gorilla gorilla gorilla Primate 4 

  
Hapalemur griseus Primate 2 

  
Indri indri Primate 1 

  
Lemur catta Primate 1 
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Mandrillus sphinx Primate 2 

  
Microcebus jollyae Primate 1 

  
Microcebus rufus Primate 1 

  
Microcebus sambiranensis Primate 1 

  
Mirza zaza Primate 1 

  
Otolemur crassicaudatus Primate 1 

  
Pan troglodytes ellioti Primate 2 

  
Pan troglodytes schweinfurthii Primate 4 

  
Pan troglodytes troglodytes Primate 9 

  
Pan troglodytes verus Primate 13 

  
Papio anubis Primate 2 

  
Papio cynocephalus Primate 1 

  
Papio ursinus Primate 2 

  
Phaner furcifer Primate 1 

  
Phaner parienti Primate 1 

  
Prolemur simus Primate 2 

  
Propithecus candidus Primate 1 

  
Varecia rubra Primate 1 

  
Varecia variegata Primate 2 

  
Aonyx capensis Small carnivore 1 

  
Aonyx congicus Small carnivore 1 

  
Atilax paludinosus Small carnivore 4 

  
Bdeogale crassicauda Small carnivore 3 

  
Bdeogale jacksoni Small carnivore 1 

  
Civettictis civetta Small carnivore 7 

  
Crossarchus ansorgei Small carnivore 1 

  
Cryptoprocta ferox Small carnivore 7 

  
Cynictis penicillata Small carnivore 3 

  
Eupleres goudotii Small carnivore 1 

  
Felis silvestris Small carnivore 2 

  
Felis silvestris catus Small carnivore 3 

  
Felis silvestris lybica Small carnivore 4 

 
Felis spp. 

 
Small carnivore 1 

  
Fossa fossana Small carnivore 2 

  
Galerella Pulverulenta Small carnivore 1 

  
Galerella sanguinea Small carnivore 2 

  
Galidia elegans Small carnivore 2 

  
Galidictis fasciata Small carnivore 1 

  
Genetta genetta Small carnivore 1 

  
Genetta maculata Small carnivore 5 

  
Genetta servalina Small carnivore 2 

  
Genetta servalina lowei Small carnivore 1 

  
Genetta tigrina Small carnivore 4 

  
Herpestes ichneumon Small carnivore 2 

  
Herpestes sanguineus Small carnivore 2 

  
Ichneumia albicauda Small carnivore 1 
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Ictonyx striatus Small carnivore 2 

  
Mellivora capensis Small carnivore 9 

  
Mungos mungo Small carnivore 2 

  
Nandinia binotata Small carnivore 2 

  
Otocyon megalotis Small carnivore 2 

  
Proteles cristata Small carnivore 4 

  
Salanoia concolor Small carnivore 1 

  
Viverricula indica Small carnivore 2 

  
Vulpes chama Small carnivore 3 

  
Vulpes rueppellii Small carnivore 1 

  
Vulpes zerda Small carnivore 1 

  
Canis adustus Medium carnivore 2 

  
Canis anthus Medium carnivore 1 

  
Canis lupaster Medium carnivore 1 

  
Canis mesomelas Medium carnivore 8 

  
Caracal aurata Medium carnivore 5 

  
Caracal caracal Medium carnivore 6 

  
Hyaena hyaena Medium carnivore 3 

  
Leptailurus serval Medium carnivore 13 

  
Vulpes vulpes Medium carnivore 1 

  
Panthera leo leo Large carnivore 2 

  
Acinonyx jubatus Large carnivore 17 

  
Acinonyx jubatus hecki Large carnivore 2 

  
Crocuta crocuta Large carnivore 23 

  
Hyaena brunnea Large carnivore 14 

  
Lycaon pictus Large carnivore 10 

  
Panthera leo Large carnivore 24 

  
Panthera pardus Large carnivore 60 

  
Bunolagus monticularis Small herbivore 1 

  
Cephalohpus weynsi Small herbivore 1 

  
Cephalophus adersi Small herbivore 2 

  
Cephalophus callipygus Small herbivore 1 

  
Cephalophus harveyi Small herbivore 6 

  
Cephalophus leucogaster Small herbivore 1 

  
Cephalophus natalensis Small herbivore 2 

  
Cephalophus nigrifrons Small herbivore 1 

  
Cephalophus ogilbyi Small herbivore 2 

  
Cephalophus spadix Small herbivore 4 

  
Madoqua kirkii Small herbivore 1 

  
Nesotragus moschatus Small herbivore 4 

  
Philantomba monticola Small herbivore 9 

  
Raphicerus campestris Small herbivore 2 

  
Sylvicapra grimmia Small herbivore 7 

  
Aepyceros melampus Medium herbivore 5 

  
Alcelaphus buselaphus caama Medium herbivore 2 

  
Antidorcas marsupialis Medium herbivore 2 
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Cephalophus dorsalis Medium herbivore 2 

  
Cephalophus silvicultor Medium herbivore 3 

  
Damaliscus pygargus pygargus Medium herbivore 1 

  
Eudorcas thomsonii Medium herbivore 2 

  
Okapia johnstoni Medium herbivore 1 

  
Phacochoerus africanus Medium herbivore 3 

  
Potamochoerus larvatus Medium herbivore 6 

  
Potamochoerus porcus Medium herbivore 2 

  
Redunca arundinum Medium herbivore 1 

  
Tragelaphus angasii Medium herbivore 3 

  
Tragelaphus eurycerus Medium herbivore 2 

  
Tragelaphus scriptus Medium herbivore 8 

  
Tragelaphus spekii Medium herbivore 1 

  
Alcelaphus buselaphus Large herbivore 1 

  
Alcelaphus buselaphus cokii Large herbivore 1 

  
Ceratotherium simum Large herbivore 3 

  
Ceratotherium simum simum Large herbivore 2 

  
Choeropsis liberiensis Large herbivore 1 

  
Connochaetes taurinus Large herbivore 6 

  
Damaliscus korrigum Large herbivore 1 

  
Damaliscus lunatus jimela Large herbivore 1 

  
Diceris bicornis Large herbivore 4 

  
Equus grevyi Large herbivore 2 

  
Equus quagga Large herbivore 6 

  
Equus quagga burchelli Large herbivore 1 

  
Equus zebra zebra Large herbivore 1 

  
Giraffa camelopardalis Large herbivore 2 

  
Giraffa camelopardalis reticulata Large herbivore 1 

  
Hippopotamus amphibius Large herbivore 1 

  
Hippotragus equinus Large herbivore 1 

  
Hippotragus niger Large herbivore 1 

  
Hippotragus niger variani Large herbivore 1 

  
Kobus ellipsiprymnus Large herbivore 1 

  
Loxodonta cyclotis Large herbivore 8 

  
Loxondonta africana Large herbivore 13 

  
Oryx gazelle Large herbivore 2 

  
Syncerus caffer Large herbivore 6 

  
Taurotragus derbianus Large herbivore 1 

  
Taurotragus derbianus derbianus Large herbivore 2 

  
Taurotragus oryx Large herbivore 4 

  
Tragelaphus strepsiceros Large herbivore 3 

 

  



98 
 

Supplementary Information Table S2.6. Summary of camera trap studies in Africa focused 

on species communities in different habitat types between 2005-2021.  

 

Habitat type Number of species Reference 

N/A 105 mammals Ahumada et al., 2011 

Rainforest, swamp, forest 10 antelope species Amin et al., 2021a 

Forest, savannah woodland 32 mammals Assou et al., 2021 

Lowland mixed forest, savannah 43 mammals Bessone et al., 2020  

Shrubby, low native vegetation, alien plants, upland 

forests, invaded native forest 

8 mammals Bissessur et al., 2019  

Terra firme forest, monodominant forest and seasonally 

inundated forests 

39 mammals Bruce et al., 2018 

Savannah, thicket, grassland, shrubland 32 mammals Burt et al., 2021 

Open savanna woodland 9 carnivores Burton et al., 2011  

Open savanna woodland 9 carnivores Burton et al., 2012  

Wetlands, a wooded stand of poplar trees, grassland and 

boulder-strewn sandstone outcrops. 

18 mammals Buschke, 2016 

Mosaic of closed forest blocks, dry forest, woodland and 

wooded grassland 

48 medium-large 

mammals 

Cavada et al., 2019 

Grassland, woodland, riverine, forests 17 herbivores, 11 

carnivores 

Clauss et al., 2021 

Sandy Grassland and high-altitude palustrine wetland 15 mammals Colyn et al., 2017 

Riverine 9 mammals Connolly et al., 2021 

Savanna broad-leaf woodland, open grassland, wooded 

grassland 

16 carnivores Curveira‐Santos et al., 

2021a 

Savannah, thicket, forest, grassland 22 mesocarnivores Curveira-Santos et al., 

2021b 

East African semi-arid savannah, Zambesian miombo 

woodland 

41 medium-large 

mammals 

Cusack et al., 2015 

Nama Karoo, Succulent Karoo, fynbos 36 mammals Drouilly and O’Riain, 2019 

Nama Karoo, Succulent Karoo, fynbos 42 mammals Drouilly et al., 2018 

Acacia-Commiphora Bushlands and Thickets, savannah 34 mammals Dupuis-Désormeaux et al., 

2015 

Acacia-Commiphora Bushlands and Thickets, savannah 29 mammals Dupuis-Désormeaux et al., 

2016a 

Acacia-Commiphora Bushlands and Thickets, savannah 37 mammals, 2 avian Dupuis-Désormeaux et al., 

2016b 

Acacia-Commiphora Bushlands and Thickets, savannah 22 mammals Dupuis-Désormeaux et al., 

2018 

Miombo woodlands, grasslands, riverine forest 30 mammals Easter et al., 2019 

Coastal Scarp Forest, Lowland Coastal Forest, 

thicket/dense bush 

29 mammals Ehlers Smith et al., 2017 

Coastal Scarp Forest, Lowland Coastal Forest, 

thicket/dense bush 

20 mammals Ehlers Smith et al., 2020 

Coffee plantation, rainforest 23 mammals Etana et al., 2021 

Evergreen forest 14 mammals Evrard et al., 2019 

Rainforest, degraded forest ~8 carnivores Farris et al., 2017 

Agricultural, riparian, mountainous 4 large carnivores Fink et al., 2020 

Forest 29 mammals Fonteyn et al., 2021 

Grassland, woodland, swamps, semi‐deciduous forest 27 mammals Fuda et al., 2018 

Forest 16 mammals, 4 avian Gaugris et al., 2021 
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Grassland, woodland savannah, forest 38 mammals Gaynor et al., 2021 

Forest, savannah, scrub, grassland, plantations 38 mammals Gebert et al., 2019 

Forest, scrub 135 dung beetle species Gebert et al., 2020 

Rainforest 6 carnivores Gerber et al., 2010 

Rainforest 8 mammals Gerber et al., 2012 

Forest 25 mammals Gessner et al., 2014 

Forest, plantations  8 carnivores Gil-Sánchez et al., 2021 

Bushveld, rocky hills 19 carnivores Greco et al., 2021 

Afrotemperate forest 12 mammals Hanekom and Randall 2015 

Tropical evergreen forest 1 primate, 2 avian Haurez et al., 2015 

Miombo woodland 49 medium-large 

mammals 

Hausser et al., 2017 

Savanna 30 mammals Hayward and Hayward, 

2012 

Rainforest, savanna 31 mammals Hedwig et al., 2018 

Forest 24 mammals Hegerl et al., 2017 

Savannah, woodland, thicket 33 mammals Janecke 2021 

Rank grassland 2 avian Johnson and Van der Niet, 

2019 

Waterberg Biosphere 15 mammals Jooste et al., 2013 

Rangeland 13 carnivores Kauffman et al., 2007 

Grassland, bushland 30 mammals Kavwele et al., 2017 

Indigenous forest 2 mammals Kiepiel and Johnson, 2019 

Woodland, savannah, bushland 50 mammals, 14 avian, 5 

livestock, domestic dogs 

Kinnaird and O'Brien, 2012 

Protea dominated fynbos 8 small mammals, 3 avian Kühn et al., 2017 

Forest 26 mammals Lhoest et al., 2020 

Rocky outcrops 3 mammals Lombardi et al., 2017 

Fynbos, subtropical thicket, riverine vegetation 33 mammals Mann et al., 2015 

Mountain fynbos, thicket, succulent Karoo 51 mammals (Little 

Karoo), 22 mammals 

(Boland) 

Mann et al., 2019 

Forest 24 mammals Marracoli et al., 2019 

Forest 26 medium-large 

mammals 

Martin et al., 2015 

Forest 21 mammals Martin et al., 2017 

N/A 46 mammals (30 in Spain 

and 16 mammals in South 

Africa) 

Mateo‐Tomás et al., 2017 

Swamp, grassland, wooded grassland, woodland, gallery 

forest, thicket forest, hill forest 

15 mammals Mayengo et al., 2020 

Forest and swamps 6 ungulate species McCollum et al., 2018 

Forest 19 large mammals Mertens et al., 2020 

Savannah 14 mammals Mills and Harris, 2020 

Thicket 4 mammals, 6 avian Mokotjomela and 

Hoffmann, 2013 

Rainforest, bamboo forest, savannah, swamp 99 mammals Moore et al., 2020 

Forest 12 mammals Moupela et al., 2014 

N/A 43 mammals Msuha et al., 2012 

Moist evergreen forest 20 mammals, 4 avian Mugerwa et al., 2013 

Forest 28 avian Murphy et al., 2018 
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Forest, savannah 29 medium-large 

mammals 

Nakashima, 2015 

Thornbush savannah 14 mammals Nghikembua et al., 2020 

N/A 9 large mammals Niang and Ndiaye, 2021 

Mountain tropical forest 1 mammal Nyiramana et al., 2011 

Highland forests 25 mammals Oberosler et al., 2020 

Evergreen forest 20 mammals Omeja et al., 2016 

Forest, savannah, grassland 21 mammals Orban et al., 2018 

N/A N/A Page-Nicholson et al., 2018 

N/A 2 mammals Patterson et al., 2016 

Mountain Bushveld 4 mammals, 12 avian, 1 

reptile 

Payne et al., 2019 

Forest, savannah, woodland 23 carnivores Pettorelli et al., 2010 

Sourveld grassland, forest, sand forest, thicket, savannah, 

plantation 

38 mammals Ramesh et al., 2016a 

Plantation, sand forest, woodland, grassland, riverine 

forest, forest, thicket 

39 mammals Ramesh et al., 2016b 

Lowland tropical rainforest 8 carnivores Rasambainarivo et al., 2017 

Rainforest 1 mammal Razafindratsima, 2017 

Miombo woodland, thicket, riverine 35 mammals Reece et al., 2021 

Grassland, woodland savannah, shrubland, woodland 44 mammals Rich et al., 2016 

N/A 96 carnivores Rich et al., 2017a,b 

Forest 17 mammals Rich et al., 2020 

Forest 32 mammals Rodrigues et al., 2021 

Forest 6 carnivores Ross et al., 2020 

Mixed woodland savannah, grasslands, grassland 

savanna, woody vegetation 

23 mammals (Namibia) Rottstock et al., 2020 

Forest 26 mammals Rovero et al., 2014 

Forest 43 mammals Rovero et al., 2017 

Rocky outcrops, thicket 13 carnivores Satterfield et al., 2017 

Thornbush Savanna 12 mammals Schumann et al., 2006 

Grassland, forest 10 mammals Seufert et al., 2010 

Woodland, savannah, grassland 4 mammals Simon et al., 2020 

Forest, rainforest, mangrove, savannah, thicket 23 mammals Soiret et al., 2019 

Savannah, riparian forest 21 mammals Soto-Shoender et al., 2018 

Forest 11 mammals Ssali and Sheil, 2019 

Forest ~8 mammals Ssali et al., 2018 

Rocky outcrop, bush savanna, mixed tree and shrub 

woodland 

37 mammals, 25 avian Stein et al., 2008 

Grassland, bushland, groundwater forests 38 mammals Steinbeiser et al., 2019 

Riverine 7 mammals, 1 avian Stommel et al., 2016 

N/A 26 mammals Sutherland et al., 2018 

Savannah, savannah woodlands 40 mammals Swanson et al., 2015 

N/A ~9 mammals Symes, 2017 

Thicket, grassland 12 mammals Tambling et al., 2013 

Kalahari shrubland 21 mammals Torrents-Ticó et al., 2017 

Riverine, grassland, bushland 7 carnivores Torrents-Ticó et al., 2021 

Evergreen forest 4 mammals, 4 avian Tosso et al., 2018 

Forest, woodland 36 large mammals Treves et al., 2010 
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Forest, fynbos, Nama Karoo, succulent karoo 43 mammals Tshabalala et al., 2021 

Forest, savannah grassland, wetland 7 mammals Turikunkiko et al., 2021 

Grassland, rocky outcrops, forest 27 mammals van Berkel et al., 2019 

Sandveld 37 mammals Van der Weyde et al., 2022 

(online in 2021) 

Forest, wetland 244 species Van Opstal et al., 2019 

Grassland, forest, wetland 17 mammals Vanthomme et al., 2013 

Savannah 19 mammals Veldhuis et al., 2020 

Thornveld, shrubland, woodland 43 mammals Verschueren et al., 2021 

Bushveld savannah, grassland, woodland, rocky outcrops 13 mesocarnivores Webster et al., 2021 

N/A 11 mammals Weise et al., 2014 

Savannah 27 medium-large 

mammals 

Welch et al., 2019 

Savannah 49 mammals and avian Wells et al., 2021 

Savannah, woodland, grassland 15 mammals Wentzel et al., 2021 

Fynbos 8 small mammals  White et al., 2017 

Forest, plantations 18 mammals Whytock et al., 2021 

Forest, rainforest, grassland 12 mammals Widness and Aronsen, 2018 

Savannah, woodland 38 mammals Wilkinson et al., 2021 

Woodland, riverine 23 mammals Williams et al., 2014 

Bushveld, woodland 12 mammals Williams et al., 2018a 

Bushveld, woodland 9 small-medium 

carnivores 

Williams et al., 2018b 

Woodland savannah, grassland 36 mammals Wood et al., 2021 

Forest, grassland  16 mammals Zungu et al., 2019 

Forest, grassland  16 mammals Zungu et al., 2020a 
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Supplementary Information Table S2.7 Habitat types where camera trap studies were 

conducted in Africa with the total number of studies conducted in each from 2005-2021.  

Habitat Number of studies conducted 

Agricultural 5 

Aquatic 1 

Desert 8 

Forest 174 

Fynbos/renosterveld 19 

Grassland 100 

Mangroves 3 

Mountainous 2 

Nama Karoo 7 

Plantations 18 

Rainforest 28 

Riverine/riparian 17 

Rocky hillsides/outcrops 19 

Sand dune 1 

Sand forest 6 

Sandveld 2 

Savanna woodland 26 

Savannah grassland 6 

Savannah/bushveld 145 

Scrubby woodlands 2 

Shrubland 21 

Succulent Karoo 12 

Swamp 10 

Swamp forest 9 

Thicket 43 

Thornbush Savanna 1 

Thornveld 2 

Waterberg Biosphere 1 

Wetland 15 

Wooded grasslands 7 

Woodland 87 
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Supplementary Information Table S2.8. Summary of camera trap publications in Africa from 2005-2021 used in the review highlighting 

camera trap information 

Reference Camera make and model Camera flash 
Camera 
quality 

Camera 
trigger time 
(sec) 

Detection 
range (m) 

Interval 
delay 

Camera 
multishot 

Camera 
photo video 

Height 
Placed 
(cm) 

Abade et al.,., 2018 Reconyx HC500, Bushnell Scoutguard N/A N/A N/A N/A N/A N/A N/A 30-50 

Abade et al.,., 2020 Reconyx HC500, Bushnell Scoutguard N/A N/A N/A N/A N/A N/A N/A 30-50 

Abu Baker and Brown, 2014 Moultrie D050 Trail Camera, Cuddeback Excite N/A N/A N/A N/A 20 min N/A N/A N/A 

Adams et al., 2017  Bushnell Trophy Cam Brown HD N/A N/A N/A N/A 3 sec N/A N/A 150-180 

Aebischer et al., 2017 

Bushnell camera traps (Trophy Cams 119436-119776), Cuddeback 
Professional NoFlash (Model 1354), Reconyx HC500 HyperFire Semi-
Covert IR. N/A N/A N/A N/A N/A N/A N/A 40-60 

Aebischer et al., 2020  
Bushnell Trophy Cams 119436-119776, Reconyx HC500 HyperFire Semi-
Covert IR N/A N/A N/A N/A 1 sec-3 min 3 pictures N/A ~50 

Ahumada et al., 2011 Reconyx RM45 N/A N/A N/A N/A N/A N/A N/A N/A 

Alempijevic et al., 2021 Bushnell model 119636, 119736, 119774, 119837 N/A N/A N/A N/A N/A N/A 60 sec ~218 

Alexander and Nichols, 2020 N/A N/A N/A N/A N/A 10 sec N/A N/A N/A 

Allen et al., 2018  N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Amin et al., 2015 Reconyx RM45 I/R at night N/A 0.1 N/A No delay 3 pictures N/A 30-45 

Amin et al., 2021a Bushnell Trophy Aggressor N/A N/A N/A N/A 2 sec 3 pictures N/A ~30 

Amin et al., 2021b 
Bushnell Trophy Cam, Reconyx RM45 Infrared N/A 

0.1 (Reconyx), 
0.2 (Bushnell) 25 

N/A 3 pictures N/A 30-45 

Amoroso et al., 2020 
Bushnell 119875C Trophy Cam 

N/A N/A N/A N/A N/A N/A 
1 min (day), 
15 sec (night) N/A 

Andanje et al., 2011  Stealth Cam STC-1590IR N/A N/A N/A N/A 1 min 2 pictures N/A 30-60 

Anderson et al., 2016 
Scoutguard SG565 

Passive 
Infrared 

N/A N/A N/A N/A N/A N/A ~50 

Anderson et al., 2017 

Stealth Cam model STC-DHIRHD/S1, Stealth STC-PRHD1, Bushnell HD 
model 119440 

N/A 

Stealth 
camera 
(1280 x 
720), 
Bushnell 
camera 
(1980 x 
1080) N/A N/A 5-45 sec N/A 1 min-3 min 50-130 

Andresen et al., 2012 Reconyx HC500, Bushneil Trophy Cam, TrailMaster, DeerCam N/A N/A N/A N/A N/A N/A N/A N/A 

Andresen et al., 2014 Reconyx HC500, Bushnell Trophy Cam, SpyPoint Tiny-W2 N/A N/A N/A N/A N/A N/A N/A ~15 
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Angelici et al., 2012  Multipir 12 850 nm N/A N/A N/A N/A N/A N/A N/A N/A 

Araldi et al., 2011  N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Assou et al., 2021 Cuddeback Ambush IR, Cuddeback Professional Color Infrared N/A N/A N/A 15 sec   N/A N/A 40-90 

Bahaa-el-din et al., 2016  Panthera v3 & v4, ScoutGuard SG565F, DeerCam 200 white-flash N/A N/A N/A N/A N/A N/A ~25 

Balme et al., 2009a  DeerCam N/A N/A N/A N/A 5 min N/A N/A 20-40 

Balme et al., 2009b DeerCam N/A N/A N/A N/A 5 min N/A N/A 20-40 

Balme et al., 2019 Panthera v6 N/A N/A N/A N/A N/A N/A N/A ~40 

Barandongo et al., 2018  
Reconyx RC 55 RapidFire, Reconyx PC800 HyperFire N/A N/A N/A 

N/A 
N/A 

10 (1 second 
intervals) 

N/A N/A 

Beattie et al., 2020  Bushnell Trophy Cam HD, Reconyx PC800 Hyperfire IR N/A N/A N/A N/A 1 sec 3 pictures N/A N/A 

Beaudrot et al., 2020 
ScoutGuard SG565 

Passive 
Infrared 

N/A 1.31 25 N/A N/A N/A ~50 

Belbachir et al., 2015  

Reconyx RC55 
Passive 
infrared 

N/A N/A 

N/A 

N/A 

Rapid fire 
(duration of 
the camera 
being 
triggered) 

N/A 

~40 

Bersacola et al., 2021 N/A N/A N/A N/A N/A N/A 3 pictures N/A N/A 

Bessa et al., 2021 Bushnell Trophy Cam HD Aggressor N/A N/A N/A N/A N/A N/A 60 sec N/A 

Bessone et al., 2020  Bushnell Trophy CamTM 119776 N/A N/A N/A N/A 1 sec N/A N/A 70-90 

Bissessur et al., 2019  Bushnell Trophy Cam HD N/A N/A N/A N/A 3 sec N/A 30 sec N/A 

Boesch et al., 2017 Bushnell Trophy Cams N/A N/A N/A N/A N/A N/A 1 min N/A 

Bohm and Hofer, 2018  Reconyx HC500, Bushnell Trophy Cam N/A N/A N/A N/A No delay 5 pictures N/A N/A 

Bowkett et al., 2008  CamTrak and Vision Scouting cameras Infrared N/A N/A N/A 1 min N/A N/A 30-50 

Boyer-Ontl and Pruetz, 2014 Reconyx PC800 HyperFire N/A N/A N/A N/A No delay 3 pictures N/A ~75 

Boyer-Ontl and Pruetz, 2020 Reconyx PC800 HyperFire N/A N/A N/A N/A No delay 3 pictures N/A ~75 

Braczkowski et al., 2012  N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Braczkowski et al., 2015 DeerCam DC300, Panthera IV N/A N/A N/A N/A N/A N/A N/A N/A 

Braczkowski et al., 2016  Panthera IV  N/A N/A N/A N/A N/A N/A N/A 40 

Brandlová et al., 2018  
Bushnell 119436 Trophy Cam, Reconyx HC500 HyperFire Semi-Covert IR 

I/R in poor 
light 
conditions 

N/A N/A 
N/A 

1 sec 3 pictures N/A N/A 

Brassine and Parker, 2015  
Cuddeback Attack, Bushnell Trophy Cam N/A 

Cuddeback 
Attack (5 
MP) 

N/A 
N/A 

1 min 
Bushnell (3 
pictures) 

Cuddeback 
(30 sec 

~30 



105 
 

during 
daytime) 

Broeckhoven and Mouton, 
2015 

Reconyx PC900 HyperFire N/A N/A N/A N/A 
Timelapse 
(image every 
5 mins) 

N/A N/A 80 

Bruce et al., 2018a  
Bushnell Aggressor, Reconyx HC500, Cuddeback Long range IR E2 

Low glow 
infrared flash 
lighting 

N/A N/A 
N/A 

1-2 sec 3 pictures N/A 30-45 

Bruce et al., 2018b  

Cuddeback Long Range IR E2 

Ambient light 
photos and 
videos (day), 
Infrared 
photos and 
video (night) 

N/A N/A 

N/A 

N/A N/A N/A 30-50 

Brzeski et al., 2016 Bushnell Trophy Cam HD N/A 12 MP N/A N/A N/A N/A N/A N/A 

Burt et al., 2021 
Cuddeback 

Black flash, 
infrared, 
white flash 

N/A N/A N/A N/A N/A N/A ~50 

Burton et al., 2011  DeerCam DC-300 N/A N/A N/A N/A 1 min N/A N/A ~40 

Burton et al., 2012  DeerCam DC-300 N/A N/A N/A N/A N/A N/A N/A ~40 

Buschke 2016 Bushnell Trophy Trail Camera N/A 8 MP N/A N/A 1 min N/A 15 sec N/A 

Cardoso et al., 2020 Trophy Cam HD Aggressor No-Glow N/A N/A N/A N/A 1 sec N/A N/A 100-150 

Castells et al., 2021 N/A N/A N/A N/A N/A N/A N/A N/A 30-50 

Cavada et al., 2019 Xenon flash Cuddeback Ambush, UOVision 565HD IR+ N/A N/A N/A N/A N/A N/A 15 sec 30-40 

Chapman and Balme 2010 Moultrie Game Spy D40 N/A N/A N/A N/A 1 min 3 pictures N/A N/A 

Chen et al., 2021 

Cuddeback Digital 54307, Reconyx Hyperfire HC 54636 N/A N/A N/A N/A N/A 3 pictures N/A 

600-1400 
(arboreal 
cameras), 
~50 
(ground 
cameras) 

Clauss et al., 2021 LTL Acorn 5210A N/A N/A N/A N/A 60 sec N/A N/A ~50 

Collen et al., 2011 N/A Infrared N/A N/A N/A N/A N/A N/A 40 

Colyn et al., 2017 Ltl Acorn HD IR I/R flash N/A N/A N/A 20 sec 3 pictures N/A N/A 

Colyn et al., 2019 Ltl Acorn 6540MC N/A N/A N/A N/A N/A N/A N/A N/A 

Colyn et al., 2020 Ltl Acorn 6540MC N/A N/A N/A N/A N/A N/A N/A ~30-40 

Combrink et al., 2016 
Bushnell Digital trophy N/A 3 MP N/A 

N/A 

5 min (1 min 
at the end of 
the 

3 pictures N/A 
30-150 
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incubation 
period) 

Comley et al., 2020 Cuddeback Attack Strobe flash 5 MP N/A N/A 30 sec N/A N/A ~45 

Connolly et al., 2021 Bushnell Trophy Cam Infrared 8 MP N/A N/A N/A N/A N/A 50-100 

Cornhill and Kerley 2020 Bushnell Trophy Cams, Browning Recon Force Camera’s N/A N/A N/A N/A 1 sec N/A 20 sec ~50 

Coverdale et al., 2016 
Bushnell Trophy Cam model #119435 Infrared N/A N/A N/A N/A 

3 pictures 
burst 

N/A N/A 

Cozzi et al., 2015 Cuddeback Expert N/A N/A N/A N/A N/A N/A N/A 150-200 

Crawford et al., 2019 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Cronk and Pillay 2019 Bushnell Essential N/A N/A N/A N/A N/A N/A N/A N/A 

Cronk and Pillay 2020 Bushnell Essential Infrared N/A N/A N/A 2 sec 2 pictures N/A ~50-100 

Crunchant et al., 2020 Bushnell Trophy Cam N/A N/A N/A N/A 1 sec N/A 60 sec 90 

Curveira‐Santos et al., 2021a 

Cuddeback Professional White-flash N/A N/A N/A 

1 sec 
(daytime), 30 
sec (night-
time) 

N/A N/A 30 

Curveira-Santos et al., 2021b Pantheracam V4, V5, V6 Xenon flash N/A N/A N/A N/A N/A N/A 30-40 

Cusack et al., 2015a 

ScoutGuard SG595 

N/A N/A N/A N/A 

1 min 

3 pictures, 1 
picture at 
night during 
the wet 
season 

N/A 

N/A 

Cusack et al., 2015b Reconyx HC500 N/A N/A N/A N/A No delay 5 pictures N/A 30 

Cusack et al., 2017 Reconyx HC500 N/A N/A N/A N/A No delay 5 pictures N/A 30 

Davies et al., 2016 
ScoutGuard SG550, Bushnell Trophy Cam XLT, UWAY Vigilant Hunter 
U150 N/A N/A N/A N/A 

5 sec 
2 pictures 

N/A 
50-100 

Davis et al., 2021a 

Cuddeback Models C and F, Bushnell Trophy Cam HD 

White-flash 
(Cuddeback), 
infrared 
(Bushnell) 

N/A N/A N/A N/A N/A N/A 40-60 

Davis et al., 2021b 

Cuddeback Models C and F, Bushnell Trophy Cam HD 

White-flash 
(Cuddeback), 
infrared 
(Bushnell) 

N/A N/A N/A N/A N/A N/A 40-60 

De Beenhouwer et al., 2016 Bushnell N/A N/A N/A N/A N/A N/A N/A N/A 

De Luca and Rovero 2006 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

de Satgé et al., 2017 Cuddeback Ambush Black Flash 1194 N/A N/A N/A N/A N/A N/A N/A 40 
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Després‐Einspenner et al., 
2017 Bushnell Trophy Cam 

N/A N/A N/A 
N/A 

1 sec N/A 60 sec 
75-100 

Devens et al., 2018 Cuddeback Attack IR N/A N/A N/A N/A N/A N/A N/A N/A 

Devens et al., 2021 Cuddeback Attack Infrared N/A N/A N/A N/A N/A N/A N/A 

Drouilly and O’Riain 2019 Bushnell Trophy CAM HD N/A N/A N/A N/A 1 min 3 pictures N/A 35-40 

Drouilly et al., 2018 Bushnell Trophy CAM HD N/A N/A N/A N/A 1 min 3 pictures N/A 30-35 

du Preez et al., 2014 

Cuddeback Capture, Cuddeback Attack N/A N/A N/A 

N/A 

N/A 

Non-baited 
(1 picture), 
baited 
(multiple 
(unspecified)) 

N/A 

N/A 
Dupuis-Desormeaux et al., 
2015 

Reconyx RC60HO Hyperfire N/A N/A N/A 
N/A 

N/A 
3 pictures, 
rapid fire 

N/A 
N/A 

Dupuis-Desormeaux et al., 
2016a 

Reconyx RC60HO Hyperfire N/A N/A N/A 
N/A 

N/A 
3 pictures, 
rapid fire 

N/A 
~150 

Dupuis-Désormeaux et al., 
2016b 

Reconyx RC60HO Hyperfire N/A N/A N/A 
N/A 

N/A 
3 pictures, 
rapid fire 

N/A 
N/A 

Dupuis-Desormeaux et al., 
2018 

Reconyx HC500 Hyperfire N/A N/A N/A 
N/A 

N/A 
3 pictures, 
rapid fire 

N/A 
N/A 

Easter et al., 2019 
Bushnell Trophy Cam N/A 

24 MP, 14 
MP 

N/A N/A 2 sec 2 pictures N/A 
N/A 

Easter et al., 2020 
Bushnell Trophy Cam Infrared 

24 MP, 14 
MP 

N/A N/A N/A N/A N/A 
45-60 

Easton et al., 2011  N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Edwards et al., 2015 Scoutguard SG560V N/A N/A N/A N/A 1 min N/A N/A ~40 

Edwards et al., 2016 

Scoutguard SG560V, Reconyx HC600 N/A N/A N/A N/A 

1 min 
(Scoutguard), 
No delay 
(Reconyx) 

1 picture 
(Scoutguard), 
5 pictures 
(Reconyx) 

N/A 

~40 

Edwards et al., 2018a 
LTI Acorn LTI-5310, Moultrie M-880, Spartan SR1-IR, Scoutguard SG550, 
Covert Scouting camera 2014 MP8, Ranger Trail camera BN073 

N/A N/A N/A N/A N/A N/A N/A N/A 

Edwards et al., 2018b Reconyx PC900 HyperFire N/A N/A N/A N/A No delay 3 pictures N/A 70-90 

Edwards et al., 2018c 
Panthera Version IV, Reconyx HC 600 HyperFire N/A N/A N/A N/A 

1 sec, no 
delay 

2 pictures, 3 
pictures 

N/A N/A 

Edwards et al., 2019 Cuddeback X-change Infrared 20 MP N/A N/A No delay 3 pictures N/A ~50 

Edwards et al., 2020 Cuddeback X-change Infrared 20 MP N/A N/A 1 min 3 pictures N/A N/A 

Ehlers Smith et al., 2017a 
Moultrie M-880 

Passive 
infrared 

N/A N/A N/A 30 sec N/A N/A 
15-30 

Ehlers Smith et al., 2017b 
Moultrie M-880 

Passive 
infrared 

N/A N/A N/A 30 sec N/A N/A 
15-30 
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Ehlers Smith et al., 2017c 
Moultrie M-880 

Passive 
infrared 

N/A N/A N/A 30 sec N/A N/A 
20-30 

Ehlers Smith et al., 2018 
Moultrie M-880 

Passive 
infrared 

N/A N/A N/A 30 sec N/A N/A 
20-30 

Ehlers Smith et al., 2019 
Moultrie M-880 

Passive 
infrared 

N/A N/A N/A 30 sec N/A N/A 
~30 

Ehlers Smith et al., 2020a Moultrie M-880, LtI Acorn 6210MC N/A N/A N/A N/A 60 sec N/A N/A ~20 

Ehlers Smith et al., 2020b 
Moultrie M-880 

Passive 
infrared 

N/A N/A N/A 30 sec N/A N/A 
20-30 

Elkan et al., 2009 Trailmaster N/A N/A N/A N/A N/A N/A N/A N/A 

Emmet et al., 2021 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Engelbrecht 2016 Ltl Acorn Ltl-6210MC Infrared N/A N/A N/A N/A N/A N/A N/A 

Estienne et al., 2017a 

Sony Handycam with trailmaster 700V, Scoutguard 550, Bushnell 
Trophy Cam 

N/A N/A N/A N/A 

2 min (Sony), 
1 sec 
(Scoutguard 
550, Bushnell 
Trophy Cam) 

N/A 

Continuous 
while 
triggered 
(Sony), 1 min 
(Scoutguard 
550, Bushnell 
Trophy Cam) N/A 

Estienne et al., 2017b 

Sony Handycam with trailmaster 700V, Scoutguard 550, Bushnell 
Trophy Cam 

N/A N/A N/A N/A 

2 min (Sony), 
1 sec 
(Scoutguard 
550, Bushnell 
Trophy Cam) 

N/A 

Continuous 
while 
triggered 
(Sony), 1 min 
(Scoutguard 
550, Bushnell 
Trophy Cam) N/A 

Estienne et al., 2019 

Sony Handycam with trailmaster 700V, Scoutguard 550, Bushnell 
Trophy Cam 

N/A N/A N/A N/A 

2 min (Sony), 
1 sec 
(Scoutguard 
550, Bushnell 
Trophy Cam) 

N/A 

Continuous 
while 
triggered 
(Sony), 1 min 
(Scoutguard 
550, Bushnell 
Trophy Cam) N/A 

Etana et al., 2021 
Browning Strike Force Elite HD 

Digital 
infrared 

N/A N/A N/A 60 sec N/A 20 sec 40-60 

Everatt et al., 2015 

Reconyx HC500, Spy Point Tiny-W2, Bushnell Trophy Cam N/A N/A 

0,97 (Reconyx 
HC500), 0,91 
(Spy Point 
Tiny-W2), 0,66 
(Bushnell 
Trophy Cam) 

~24 
(Reconyx 
HC500), ~17 
(Spy Point 
Tiny-W2), 
~18 
(Bushnell 
Trophy Cam) 

N/A N/A N/A N/A 
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Evrard et al., 2019 
Bushnell TC Aggressor Infrared N/A N/A N/A N/A 3 pictures 

30 sec (Last 
week of 
observations) 

~4000 
(Canopy) 

Fabiano et al., 2020 
Flash Cuddeback DeerCam DC200 (used from 2005-2009), Bushnell 
Trophy Cam (used from 2010-2014), Moultrie M60 (used in 2008) 

N/A 5 MP N/A N/A 30 sec 
3 pictures 
burst 

N/A 
~75 

Farris et al., 2014 Moultrie D40, Reconyx PC85, Cuddeback IR, DeerCam DC300 N/A N/A N/A N/A N/A N/A N/A 20-30 

Farris et al., 2016a 
Reconyx PC85 and HC500, Moultrie D50 and D55, Cuddeback Infra Red, 
DeerCam DC300 

N/A N/A N/A N/A N/A N/A N/A 
20-30 

Farris et al., 2016b 
Reconyx PC85 and HC500, Moultrie D50 and D55, Cuddeback Infra Red, 
DeerCam DC300 

N/A N/A N/A N/A N/A N/A N/A 
20-30 

Farris et al., 2017 
Reconyx PC85 and HC500, Moultrie D50 and D55, Cuddeback Infra Red, 
DeerCam DC300 

N/A N/A N/A N/A N/A 3 pictures N/A 
10-30 

Faure et al., 2021 Reconyx HC500, HC600, Bushnell Trophy Camera N/A N/A N/A N/A N/A N/A N/A ~40 

Fink et al., 2020 Bushnell Trophy Cam Model #119636C Infrared N/A N/A N/A 30 sec N/A N/A 20-30 

Fležar et al., 2019 
Bushnell Trophy Cam HD 

Passive 
infrared 

N/A N/A N/A 1 sec N/A 30 sec 
~30 

Fonteyn et al., 2021 Bushnell Trophy Cam HD N/A N/A N/A N/A 1 sec   N/A 5 sec 30-50 

Fotang et al., 2021 
LTL-5310A Acorn N/A 

1 080 
pixels 

N/A N/A N/A N/A 60 sec 
30-80 

Freeman et al., 2014 
ScoutGuard 550V, ScoutGuard SG550, Wildview STC-TGL3IR 

Passive 
infrared 

N/A N/A N/A N/A N/A N/A N/A 

Fuda et al., 2018 N/A N/A N/A N/A N/A N/A N/A N/A 40 

Garriga et al., 2019 Reconyx HC500, HC600, PC800 Infrared 3,1 MP N/A N/A No delay 3 pictures N/A N/A 

Gaugris et al., 2021 
Bushnell, Uway, Cuddeback 

Passive 
Infrared 

5 MP N/A N/A 30 sec 3 pictures   N/A 60-80 

Gaynor et al., 2018 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Gaynor et al., 2021 Bushnell TrophyCam N/A N/A N/A N/A 30 sec 2 pictures  N/A 100 

Gebert et al., 2019 Bushnell Trophy Cam HD Essential model 119736 Infrared N/A N/A N/A 10 sec N/A 20 sec N/A 

Gebert et al., 2020 Bushnell Trophy Cam HD Essential Infrared N/A N/A N/A 10 sec  N/A 20 sec 70-140 

Gerber et al., 2010 DeerCam DC300 N/A N/A N/A N/A 30 sec N/A N/A 30 

Gerber et al., 2012 
Deercam DC300, Reconyx PC85 

Passive 
infrared 

N/A N/A N/A N/A N/A N/A 
20 

Gessner et al., 2014 Reconyx hyperfire HC500 Infrared N/A N/A N/A No delay N/A N/A 30-50 

Gil-Sánchez et al., 2020 
N/A 

Passive 
infrared 

N/A N/A N/A N/A N/A N/A N/A 

Gil-Sánchez et al., 2021 
Moultrie M-999I 

Passive 
infrared 

N/A N/A N/A 
3 images 
every 10 
seconds 

N/A N/A N/A 

Giordano et al., 2017 N/A N/A N/A N/A N/A N/A N/A N/A N/A 
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Greco and Rovero 2021 

Browning, Cuddleback, UOVision Infrared N/A 

0.15 
(Browning), 1-
2 (Cuddleback 
and UOVision) 

N/A N/A N/A N/A ~50 

Greco et al., 2021 

Moultre I40 Digital Game Camera, DeerCam DC100, StealthCam MC2-
GV, Trailmaster TM 1550 

Infrared N/A N/A N/A 
60 sec 
(digital), 8 
min (film) 

N/A N/A N/A 

Green et al., 2018 Bushnell HD N/A N/A N/A N/A N/A 3 pictures N/A N/A 

Grey et al., 2013 Cuddeback Expert Digital Scouting Cameras N/A N/A N/A N/A 1 min N/A N/A 40 

Gueye et al., 2021 
Dörr Mini Black 5.0, Moultrie M-888i, L50 Infrared N/A N/A N/A 

15 sec (Dörr), 
10 sec 
(Moultrie) 

3 pictures N/A 
50-70 

Gumede et al., 2020 Moultrie M-880, Cuddeback N/A 20 MP N/A N/A 30 sec N/A N/A 15-30  

Hanekom and Randall 2015 Bushnell Trophy Cams, Cuddeback Capture 

infrared 
(Bushnell), 
incandescent 
(Cuddeback) 

N/A N/A N/A N/A N/A N/A 

~35 

Hanke and Dickman 2013 Moultrie I40 Digital Game Cameras N/A N/A N/A N/A N/A N/A N/A N/A 

Hardouin et al., 2021 
Cuddeback Professional Color Model 1347, Cuddeback X-Change Color 
Model 1279, Reconyx HyperFire HC500 

Xenon flash N/A N/A N/A N/A N/A N/A 
~40 

Hart et al., 2016 Ltl Acorn 5210MG, 6210MG N/A N/A N/A N/A N/A N/A N/A N/A 

Haurez et al., 2015 GameSpy Moultrie M-80XT N/A N/A N/A 13.5 ± 1.5  No delay N/A N/A N/A 

Hausser et al., 2017 
Cuddeback Capture 

Passive 
infrared 

3,0 MP N/A N/A 1 min N/A N/A N/A 

Havmøller et al., 2019 
Xenon flash Cuddeback Ambush, UOVision 565HD IR+ 

Passive 
infrared, 
white flash 

N/A N/A N/A N/A N/A 15 sec 
30-40 

Havmøller et al., 2020 
Xenon flash Cuddeback Ambush, UOVision 565HD IR+ 

Passive 
infrared, 
white flash 

N/A N/A N/A N/A N/A 15 sec 
30-40 

Hayward and Hayward 2012 
N/A N/A N/A N/A N/A 

30 sec, 60 
sec 

N/A N/A N/A 

Head et al., 2012 Scoutguard 550, Bushnell Trophy Cam N/A N/A N/A N/A No delay N/A 60 sec N/A 

Head et al., 2013 Scoutguard 550, Bushnell Trophy Cam N/A N/A N/A N/A No delay N/A 60 sec N/A 

Hedwig et al., 2018 

Bushnell Trophy Cam 119405, 119436, Bushnell Trophy Cam HD 
119547, 119437, 119476, 119676, 119678, 119776, Bushnell Trophy 
Cam Security 119466, Reconyx HC 500 hyperfire semi-covert IR 

N/A N/A N/A N/A 
No delay, 3 
sec if taking 
pictures 

10 pictures 60 sec 
~60 

Hegerl et al., 2017 UOVision IR+, UOVision Technology N/A N/A N/A N/A N/A N/A N/A N/A 

Henschel et al., 2011 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Henschel et al., 2014 DeerCam 200 N/A N/A N/A N/A N/A N/A N/A ~45 
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Hobbhahn and Johnson 2015 Bushnell HD Trophy Cam 119476 and 119577 N/A N/A N/A N/A N/A N/A 60 sec N/A 

Holdo et al., 2020 HCO Scoutguard trail cameras LED flashes N/A N/A N/A N/A N/A N/A 150 

Hongo et al., 2016 
Bushnell Trophy Cam 2010 N/A N/A N/A N/A 30 sec N/A 

30 sec or 60 
sec 

30 

Hongo et al., 2018 
Bushnell Trophy Cam 2010 N/A N/A N/A N/A 30 sec N/A 

30 sec or 60 
sec 

30 

Houngbégnon et al., 2020 
Bushnell Trophy Cam HD, Moultrie Game Spy 

Passive 
infrared 

N/A N/A N/A 1-3 sec 1-3 pictures N/A ~30 

Howes-Whitecross et al., 2020 Little Acorn 6310WMG N/A N/A N/A N/A N/A N/A N/A 50 

Isbell and Bidner 2016 Reconyx Hyperfire PC900, Rapidfire RM45 Infrared N/A N/A N/A N/A 3 pictures N/A N/A 

Isbell et al., 2017 Reconyx Hyperfire PC900, Rapidfire RM45 Infrared N/A N/A N/A N/A 3 pictures N/A N/A 

Janecke 2021 
Bushnell, Cuddeback, Scoutguard Infrared N/A N/A N/A 

5 sec, image 
every 5 mins 

2 pictures  N/A ~50-170 

John Power et al., 2021 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Johnson and Van der Niet 
2019 Bushnell Trophy Cam 119466, Bushnell Nature View 119740 

N/A N/A N/A N/A N/A N/A N/A N/A 

Jooste et al., 2013 Moultrie I40  
Digital 
infrared 

N/A N/A N/A N/A N/A N/A N/A 

Jůnek et al., 2015 Ltl Acorn 5210MC Infrared 5 MP N/A N/A No delay N/A N/A 100-150 

Kane et al., 2015 

N/A N/A N/A N/A N/A 

60 sec 
(digital 
cameras), 30 
sec (film 
cameras) 

2 pictures 
(digital 
cameras), 1 
picture (film 
cameras) 

N/A 

30-40 

Karssene et al., 2019a Moultrie M-990i Infrared N/A N/A N/A 30 sec N/A N/A 30-40 

Karssene et al., 2019b Bushnell Trail Scout Infrared 2,1 MP N/A N/A 30 sec N/A N/A 30-40 

Kauffman et al., 2007 Camtrak Infrared N/A N/A N/A 3 min N/A N/A N/A 

Kavwele et al., 2017 Reconyx Rapidfire RM45 Infrared N/A N/A N/A No delay N/A N/A 50 

Kely et al., 2021 
Bushnell 

Passive 
infrared 

5 MP N/A N/A 1 sec N/A 60 sec 150 

Kent and Hill 2013 Cuddeback Digital Expert N/A N/A N/A N/A 1 min N/A N/A 25-40 

Kheswa et al., 2018 Moultre M880 Infrared N/A N/A N/A 30 sec N/A N/A ~30 

Kiepiel and Johnson 2019 Bushnell 14 Mp NatureView Cam HD N/A 14 MP N/A N/A 10 sec N/A 30 sec N/A 

Kinnaird and O'Brien 2012 Deercam, Reconyx RM45, DLC Covert SG550 N/A N/A N/A N/A N/A N/A N/A N/A 

Koeppel et al., 2020 Lynx Optics Ranger Trail Cameras Infrared N/A N/A N/A 5 sec 3 pictures N/A N/A 

Koopmans et al., 2021 
Cuddeback E2, Reconyx Hyperfire HC500, HC800, Reconyx PC800 

Passive 
infrared 

N/A N/A N/A N/A 
3 pictures 
burst 

N/A 70 
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Kühn et al., 2017 
Bushnell Trophy Cam HD Max-Colour LCD model 119577C and model 
119466 

N/A N/A N/A N/A 10 sec N/A 60 sec N/A 

Lacroux et al., 2019 

Reconyx XR‐6 Ultrafire, Bushnell Trophy Cam HD Max N/A 
1280 × 
720 pixels 

N/A 

21 m 
(Reconyx), 
18 m 
(Bushnell) 

5 sec N/A 

30 sec 
(Reconyx), 60 
sec 
(Bushnell) ~100 

LaFleur et al., 2014 Moultrie Game Spy I-40 Infrared N/A N/A N/A 30 sec 3 pictures N/A N/A 

Laguardia et al., 2021 
Bushnell Trophy Cam HD 

Passive 
infrared 

N/A N/A N/A N/A N/A N/A 100-120 

Lapuente et al., 2017 Bushnell HD trophy cam 119437 Infrared N/A N/A N/A N/A N/A 60 sec N/A 

Lapuente et al., 2020a 
Bushnell HD trophy cam 119437, Bushnell HD Aggressor, Browning 
SPEC-OPS 

Passive 
Infrared 

N/A N/A N/A N/A N/A 60 sec N/A 

Lapuente et al., 2020b 
Bushnell HD trophy cam, Browning SPEC-OPS 

Passive 
Infrared 

N/A N/A N/A N/A N/A 60 sec N/A 

Laudisoit et al., 2021 Bushnell N/A N/A N/A N/A N/A N/A N/A 30-60 

Lhoest et al., 2020 Trophy Cam HD Aggressor N/A N/A N/A N/A N/A 3 pictures N/A 30-50 

Lombardi et al., 2017 
Bird Cam 2.0 8 MP, Bushnell 119466 N/A 

8 MP (Bird 
Cam) 

N/A N/A N/A N/A N/A N/A 

Loock et al., 2018 Reconyx Hyperfire HC600 N/A N/A N/A N/A 60 sec N/A N/A 50 

Loveridge et al., 2020 Cuddeback 1125, 1149, C1, Panthera V4, Panthera Stealthcam G42NG N/A N/A N/A N/A N/A N/A N/A N/A 

Majelantle et al., 2021 
PRIMOS ProofCam 3 N/A N/A N/A N/A 30 sec 

3 picture 
burst 

N/A 20-100 

Mann et al., 2015 Cuddeback Capture N/A N/A N/A N/A 60 sec N/A N/A ~40 

Mann et al., 2019 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Mann et al., 2020 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Mapendere et al., 2021 
Bushnell Trophy Cam, ScoutGuard N/A N/A N/A 

15 
(ScoutGuard) 

1 sec N/A 
10 sec 
(ScoutGuard) 

30-50, 
150-200 

Maphalala and Monadjem 
2017 

Primos Truth Cam 35 model 63010 N/A N/A N/A N/A 10 sec N/A N/A N/A 

Maputla et al., 2013 Cuddeback EXcite C2000, Reconyx RM 45 Infrared N/A N/A N/A 1 min N/A N/A N/A 

Marnewick et al., 2006 Trailmaster Infrared N/A N/A N/A 20 sec N/A N/A ~50 

Marnewick et al., 2008 TrailMaster TM 1550 Infrared N/A N/A N/A 20 sec N/A N/A 50 

Marracoli et al., 2019 Bushnell 119435, 119476 and 119678 N/A N/A N/A N/A N/A N/A N/A 45 

Martin et al., 2015 Reconyx RM 45 and HC 500 Infrared flash N/A N/A N/A No delay N/A N/A 50 

Martin et al., 2017 Reconyx RM 45 and HC 500 Infrared flash N/A N/A N/A No delay N/A N/A 50 

Martínez-Íñigo et al., 2021 Bushnell Trophy Cam HD N/A N/A N/A N/A 1 sec N/A 60 sec N/A 

Martins and Harris 2013 N/A Infrared N/A N/A N/A N/A N/A N/A 40 
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Maseko et al., 2017 
Moultre M880 

Passive 
Infrared 

N/A N/A N/A N/A N/A N/A 
30 

Masiaine et al., 2021 N/A N/A N/A N/A N/A 5 sec N/A N/A ~40-50 

Mateo‐Tomás et al., 2017 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Mayengo et al., 2020 
Reconyx HC600 Hyperfire, Bushnell Infrared N/A N/A N/A 

1 image per 
sec when 
triggered 

N/A N/A 40 

McCarthy et al., 2021 Bushnell Trophy Cam Model #119576C N/A N/A N/A N/A 1 sec N/A 60 sec N/A 

McCollum et al., 2017 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

McCollum et al., 2018 Moultrie Game Spy N/A N/A N/A N/A 10 sec 2 pictures N/A N/A 

McPherson et al., 2016 

Ltl Acorn 5210MG and 6210MG N/A N/A N/A N/A 

Timelapse 1 
image/ 
minute and 1 
image/ 2 
minutes 

N/A N/A N/A 

Merson et al., 2019 
Cuddeback Ambush IR 1187 Infrared N/A N/A N/A 

Photo every 
5 seconds 

N/A N/A 
~30 

Merson et al., 2020 Cuddeback Ambush IR 1187 N/A N/A N/A N/A N/A N/A N/A 20-30 

Mertens et al., 2020 

Bushnell Trophy Cam 2011, model 119436, Bushnell Trophy Cam XLT 
2011, model 119456 

Infrared 
1 280 x 
720 video 
resolution 

N/A 
10 

No delay N/A 30 sec ~60 

Mhlanga et al., 2018 
Moultrie M880, Ltl Acorn 6210MC 

Passive 
Infrared 

N/A N/A N/A 30 sec N/A N/A 
~45 

Miller et al., 2018 PantheraCam V-series N/A N/A N/A N/A 8 sec N/A N/A ~40 

Mills and Harris 2020 
Reconyx PC800, PC850, PC900 

Infrared, 
white-flash 

N/A N/A N/A N/A N/A N/A N/A 

Mills et al., 2019a 
Pantheracam v. 4, Deercam DC300, CamTrakker Ranger, Recon Digital 
Pro Scouting Camera, Stealth Cam HD, Cuddeback Capture IR 

N/A N/A N/A N/A N/A N/A N/A 25 

Mills et al., 2019b Pantheracam v4, Deercam N/A N/A N/A N/A N/A N/A N/A 25 

Mills et al., 2020 
Reconyx PC800, PC850, PC900 

White-flash, 
infrared 

N/A N/A N/A N/A N/A N/A N/A 

Mokotjomela and Hoffmann 
2013 

Scoutguard SG550V-31 Infrared N/A N/A N/A N/A N/A N/A N/A 

Monterroso et al., 2020 Hyperfire HC600, HF2X Hyperfire 2, Cuddeback Model 1231 N/A N/A N/A N/A N/A N/A N/A N/A 

Moolman et al., 2019 
Bushnell Trophy Cam HD Aggressor No Glow Infrared 8 MP N/A N/A 

1 sec 
(pictures), 2 
sec (videos) 

N/A 15-30 sec 
100-150 

Moore et al., 2020 

Reconyx PC800 Hyperfire, HC500 Hyperfire semi-covert, HC600 
Hyperfire 

Infrared N/A N/A N/A No delay 3 pictures N/A 

60-150 
(ground 
cameras), 
400-1700 
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(arboreal 
cameras) 

Morris et al., 2021 Cuddeback Professional Colour Model 1347 Strobe flash N/A N/A N/A N/A N/A N/A 35-40 

Morrison et al., 2020 Bushnell Trophy Cam, Reconyx  N/A N/A N/A N/A N/A N/A 30 sec N/A 

Moupela et al., 2014 
Moultrie L55 IR automatic cameras Infrared N/A N/A N/A 

4 pictures 
per minute  

N/A 30 sec 
80 

Msuha et al., 2012 
DeerCam 300 

Passive 
Infrared 

N/A N/A N/A 1 min N/A N/A 
~40 

Mugerwa et al., 2013 Reconyx RM45 N/A 1,3 MP N/A N/A 1 sec N/A N/A 50 

Mugerwa et al., 2017 Cuddeback Capture, Cuddeback Attack N/A N/A N/A N/A 30 sec N/A N/A N/A 

Muneza et al., 2019 Reconyx HyperFire HC500, ScoutGuard SG565 N/A N/A N/A N/A N/A N/A N/A N/A 

Murphy et al., 2017 
DeerCam DC300, Cuddeback IR, Reconyx PC85 and HC500, Moultrie 
D50 and D55 

N/A N/A N/A N/A N/A N/A N/A 
20-30 

Murphy et al., 2018a 
DeerCam DC300, Reconyx PC85 and HC500, Moultrie D50 and D55, 
Cuddeback IR, HCO Scoutguard SG565FV 

N/A N/A N/A N/A N/A N/A N/A 10-30 

Murphy et al., 2018b 
DeerCam DC300, Reconyx PC85 and HC500, Moultrie D50 and D55, 
Cuddeback IR 

N/A N/A N/A N/A N/A N/A N/A 
20-30 

Murphy et al., 2019 
DeerCam DC300, Reconyx PC85 and HC500, Moultrie D50 and D55, 
Cuddeback IR, HCO Scoutguard SG565FV 

N/A N/A N/A N/A N/A N/A N/A 
20-30 

Nakashima 2015 Bushnell Trophy Cam 2010 N/A N/A N/A N/A N/A N/A 30 sec 30 

Nakashima et al., 2013 Bushnell Trophy Cam 2010 N/A N/A N/A N/A N/A N/A N/A 30 

Nakashima et al., 2020 Bushnell Trophy Cam 2010 N/A N/A N/A N/A N/A N/A 30 sec 30 

Ndlovu et al., 2018 Bushnell Nature view HD N/A 12 MP N/A N/A N/A N/A N/A N/A 

Ngama et al., 2018a Reconyx Rapidfire RC55 N/A N/A 2 sec N/A N/A N/A N/A ~150 

Ngama et al., 2018b 

Reconyx Rapidfire RC55 N/A N/A N/A N/A 

1 image 
every 2 
seconds 
when 
triggered 

N/A N/A 150 

Nghikembua et al., 2020 Bushnell Trophy Cam, Spypoint BF10 HD N/A N/A N/A N/A 10 sec N/A N/A N/A 

Niang and Ndiaye 2021 
Bushnell Trophy Cam HD Essential 

Passive 
Infrared 

N/A 0.3 N/A N/A N/A N/A N/A 

Nichols and Alexander 2018 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Noack et al., 2019 Cuddeback X-change model 1279 White-flash  5 MP N/A N/A No delay 3 pictures N/A ~175 

Nyiramana et al., 2011 Reconyx RapidFire RM45 Infrared 1,3 MP N/A N/A N/A 3 pictures N/A N/A 

Oberosler et al., 2020a 
Reconyx HC500, Cuddeback Ambush 

Infrared flash 
(Cuddeback) 

N/A N/A N/A N/A N/A N/A N/A 

Oberosler et al., 2020b Reconyx RC45 and HC500 N/A N/A N/A N/A N/A N/A N/A N/A 
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O'Brien and Kinnaird 2011 DeerCam N/A N/A N/A N/A N/A N/A N/A N/A 

O'Brien et al., 2020 

Reconyx RM45 Rapidfire IR, HC500 and HC600 Hyperfire Semi-Covert 
IR, PC800 and PC900 Hyperfire Professional IR, Bushnell Trophy Cam 
HD 119437 

Infrared N/A 0,2 - 1 N/A N/A 3 pictures N/A 
50-60 

Olson et al., 2012 Reconyx HyperFire PC800 N/A N/A N/A N/A N/A N/A N/A 600-800 

Omeja et al., 2016 Reconyx HyperFire PC800 Professional Semi-Covert IR Infrared N/A N/A N/A N/A N/A N/A N/A 

Orban et al., 2018 
Bushnell Trophycam 

Passive 
Infrared 

5 MP 
1 

N/A 30 sec 3 pictures N/A 40-60 

Padayachee et al., 2021 Bushnell Trophy Cam HD N/A 8 MP N/A N/A N/A N/A N/A N/A 

Page-Nicholson et al., 2018 
Cuddeback 

Passive 
Infrared 

N/A N/A N/A N/A N/A N/A 
400 

Palmer and Packer 2018 
Scoutguard SG565, DLC Covert Reveal 

Passive 
Infrared 

N/A N/A 14 60 sec   3 pictures N/A ~50 

Patterson et al., 2016 
Ltl Acorn 6210MMX 

Passive 
Infrared 

N/A N/A 
20 

10 sec 3 pictures 30 sec 
N/A 

Paúl et al., 2020 ScoutGuard SG550 Infrared 720x480 1 N/A N/A N/A N/A ~150 

Payne et al., 2018 
Bushnell Trophy Cam Infrared N/A 

1 
N/A N/A N/A 10 sec 

30-50, 
150-200 

Payne et al., 2019 N/A N/A N/A N/A N/A 3 sec N/A N/A N/A 

Pebsworth et al., 2012 Covert SG550 Infrared N/A N/A N/A 1 sec N/A 59 sec ~20 

Pebsworth et al., 2019 Bushnell Trophycam Infrared N/A N/A N/A 1 sec N/A 59 sec ~20 

Pebsworth et al., 2020 Bushnell Trophycam Infrared N/A N/A N/A 1 sec N/A 59 sec ~20 

Penny et al., 2021 
Bushnell Trophy Cam Essential and Aggressor, Ltl Acorn 5610WA 

Passive 
infrared 

N/A N/A N/A 10 sec N/A 30 sec N/A 

Pettorelli et al., 2010 
Deercam 300 

Passive 
Infrared 

N/A N/A N/A 30 sec N/A N/A 
30-40 

Pinto et al., 2016 Stealth Prowler DVIR5, TrailMaster TM1500 and TM1550 Infrared N/A N/A N/A N/A N/A N/A N/A 

Pirie et al., 2016 Little Acorn 5210A N/A N/A N/A 15 30 sec 3 pictures N/A N/A 

Pozo et al., 2019 Bushnell Trophy Cam HD, Reconyx HC500 Infrared N/A N/A N/A N/A 3 pictures N/A ~100 

Puls et al., 2021 Cuddeback Ambush Black Flash 1194 N/A N/A N/A N/A 60 sec N/A N/A 40 

Ramesh and Downs 2013 
LtI Acorn 6210MC 

Passive 
Infrared 

N/A N/A N/A 30 sec N/A N/A 
20 

Ramesh and Downs 2014a 
LtI Acorn 6210MC 

Passive 
Infrared 

N/A N/A N/A 30 sec N/A N/A 
20 

Ramesh and Downs 2014b 
LtI Acorn 6210MC 

Passive 
Infrared 

N/A N/A N/A 30 sec N/A N/A 
20 

Ramesh and Downs 2015 
LtI Acorn 6210MC 

Passive 
Infrared 

N/A N/A N/A N/A N/A N/A 
20 
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Ramesh et al., 2016a 
LtI Acorn 6210MC 

Passive 
Infrared 

N/A N/A N/A 30 sec N/A N/A 
20 

Ramesh et al., 2016b 
LtI Acorn 6210MC, Moultre M880 

Passive 
Infrared 

N/A N/A N/A 60 sec N/A N/A 
20 

Ramesh et al., 2017a 
LtI Acorn 6210MC, Moultre M880 

Passive 
Infrared 

N/A N/A N/A N/A N/A N/A 
20 

Ramesh et al., 2017b 
LtI Acorn 6210MC, Moultre M880 

Passive 
Infrared 

N/A N/A N/A 60 sec N/A N/A 
20 

Ramnanan et al., 2013 

Moultrie 140, Trailmaster TM1550, DeerCam DC100, Stealth Cam MC2-
GV 

Infrared, flash 
film 

N/A N/A N/A 

60 sec 
(digital 
cameras), 10 
min (film 
cameras) 

N/A N/A N/A 

Rasambainarivo et al., 2017 Moultrie M880  N/A N/A N/A N/A 10 sec 3 pictures N/A 10-20 

Razafindratsima 2017 ScoutGuard SG56FV N/A 5 MP N/A N/A N/A 3 pictures N/A 10-20 

Reece et al., 2021 Cuddeback X-Change Model 1279 Strobe flash N/A N/A N/A 60 sec 3 pictures N/A 50 

Rich et al., 2016 Panthera v4, Bushnell Trophy Cam Infrared N/A N/A N/A 30 sec 3 pictures N/A N/A 

Rich et al., 2017a 

Panthera v4, Bushnell Trophy Cam Infrared N/A 

0.18 (Pantera 
v4), 0.3 
(Bushnell 
Trophy Cam) 

N/A 30 sec 3 pictures N/A N/A 

Rich et al., 2017b 

Leaf River, TrailMAC, Moultrie, Reconyx, Bushnell, Panthera, DeerCam, 
CamTrak, Cuddeback, Bushnell 

White flash, 
infrared 

N/A N/A N/A N/A 
Varied from 
1-5 

N/A 
Varied 
between 
10-1000 

Rich et al., 2019 

Panthera v4, Bushnell Trophy Cam 

Incandescent-
flash 
(Panthera), 
infrared 
(Bushnell 
Trophy Cam) 

N/A 

0.18 (Pantera 
v4), 0.3 
(Bushnell 
Trophy Cam) 

N/A 30 sec 3 pictures N/A N/A 

Rich et al., 2020 Recony Hyperfire PC800 Infrared N/A N/A N/A 30 sec 3 pictures N/A N/A 

Rodrigues et al., 2021 Bushnell Trophy Cam  N/A N/A N/A N/A N/A 3 pictures N/A N/A 

Roesch et al., 2021 
Browning Dark Ops HD N/A N/A N/A N/A 

30 sec 
timelapse 

N/A N/A N/A 

Roque et al., 2021 
Foxelli Outdoor Gear Oak’s Eye Trail Cam N/A 14 MP N/A N/A 60 sec 

2 picture 
burst 

N/A 50-150 

Rosenblatt et al., 2016 Reconyx Hyperfire PC800 N/A N/A N/A N/A N/A 5 pictures N/A N/A 

Ross et al., 2020 
Moultrie M888, M880, D55, A35, WGI Terra Extreme, Bushnell Trophy 
Cam HD, HCO-SG565, Stealth Cam ZX3 

N/A N/A N/A N/A N/A 3 pictures N/A 
10-20 

Rottstock et al., 2020 
Stealth Cam G45NG PRO HD Infrared N/A N/A N/A 30 sec 

5 pictures 
burst 

N/A 100 
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Rovero and Marshall 2009 CamTrak, Vision Scouting Infrared N/A N/A N/A 60 sec N/A N/A N/A 

Rovero et al., 2005 CamTrak, Trailmaster Infrared N/A N/A N/A 20 - 30 sec N/A N/A N/A 

Rovero et al., 2008 Vision Scouting N/A N/A N/A N/A 60 sec N/A N/A N/A 

Rovero et al., 2013 
Vision Scouting, Deercam, Kodak 200 ISO, Reconyx RM45 N/A N/A N/A N/A 

Minimum 60 
sec, no delay 

N/A N/A 
~50 

Rovero et al., 2014 Reconyx RM45 N/A N/A N/A N/A No delay N/A N/A ~50 

Rovero et al., 2017 
Deercam DC300 N/A N/A N/A N/A 

Minimum 60 
sec  

N/A N/A 
~50 

Santangeli et al., 2020 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Satterfield et al., 2017 Moultrie M80 Game Spy Infrared N/A N/A N/A N/A N/A N/A N/A 

Schäfer et al., 2019 
BestoU Model 16 Infrared 16 MP N/A N/A 

Timelapse 
(images 
every 20 sec) 

N/A N/A 140 

Schumann et al., 2006 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Schwabe et al., 2015 
Moultrie Game Spy M-100 

Passive 
Infrared 

N/A N/A N/A N/A N/A N/A N/A 

Searle et al., 2021a 
Cuddeback Professional Color Model 1347, X-Change Color Model 
1279, Reconyx HyperFire HC500 

Xenon flash N/A N/A N/A N/A N/A N/A 30-40 

Searle et al., 2021b 
Cuddeback Professional Color Model 1347, X-Change Color Model 
1279, Reconyx HyperFire HC500 

Xenon flash N/A N/A N/A N/A N/A N/A 30-40 

Seufert et al., 2010 Wildview Xtreme 2 N/A N/A N/A N/A 3-8 sec 3 pictures N/A 100 

Sever 2021 Bushnell Trophy camera Model # 4119438, # 119436 N/A N/A N/A N/A N/A N/A N/A ~90-170 

Sillero-Zubiri et al., 2015 Reconyx PC800 and PC60 N/A N/A N/A N/A N/A N/A N/A 40 

Simo et al., 2020 
Cuddeback X Change Colour Model 1279, Long-range IR E2 Model; 
Bushnell Trophy Camera Brown 119836, Trophy Cam HD 119875C 

N/A N/A N/A N/A N/A 3 pictures N/A 
30-40 

Simon et al., 2020 Bushnell Trophy HD Aggressor N/A N/A N/A N/A N/A N/A N/A 30 

Smit et al., 2019 
Cuddeback Capture 

Incandescent 
flash 

N/A N/A N/A 30 sec N/A N/A 
300 

Sogbohossou et al., 2018 
Bushnell Trophy Cam 11-9636, Browning Dark Ops HD, Moultrie M880i, 
M-990i 

Passive 
Infrared 

N/A N/A N/A 30 sec N/A N/A 
~40 

Soiret et al., 2019 Bushnell Trophy Cam 119875 N/A N/A N/A N/A N/A N/A N/A N/A 

Soto-Shoender et al., 2018 Primos Truth Cam 35, Primos Hunting N/A N/A N/A N/A N/A N/A N/A 40-60 

Ssali and Sheil 2019 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Ssali et al., 2018 Reconyx RM45 N/A N/A N/A N/A 1 sec N/A N/A N/A 

Stanton-Jones et al., 2018 
Bushnell Trophy Cam HD 119577 N/A N/A N/A N/A 

Timelapse 
(image every 
60 sec) 

N/A N/A N/A 
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Stein et al., 2008 Deercam N/A N/A N/A N/A N/A N/A N/A 60-100 

Stein et al., 2010 
Deercam 

Passive 
Infrared 

N/A N/A N/A N/A N/A N/A 70-170 

Stein et al., 2011 Deercam N/A N/A N/A N/A N/A N/A N/A ~70 

Steinbeiser et al., 2019 LTL Acorn 5210A N/A N/A N/A N/A 60 sec N/A N/A ~50 

Stommel et al., 2016a Reconyx PC800 N/A N/A N/A N/A N/A N/A N/A N/A 

Stommel et al., 2016b Reconyx PC800 N/A N/A N/A N/A N/A N/A N/A N/A 

Strampelli et al., 2018 N/A Infrared N/A N/A N/A N/A N/A N/A N/A 

Strampelli et al., 2020 Reconyx HC500, Spy Point Tiny-W2, Bushnell Trophy Cam N/A N/A N/A N/A N/A N/A N/A 35 

Strampelli et al., 2021 
Cuddeback Professional Color Model 1347, X-Change Color Model 
1279, Reconyx HyperFire HC500 

Xenon flash N/A N/A N/A N/A N/A N/A 30-40 

Stratford et al., 2020 

Reconyx RC55 N/A N/A N/A N/A 

1 image per 
second for 
10 seconds 
when 
triggered. 
15-30 second 
delay 
between 
triggers 

N/A N/A N/A 

Sutherland et al., 2018 Primos Proof Cam 03 HD Trail Camera Model No. 63056 Infrared N/A N/A N/A 60 sec 2 pictures N/A 40 

Swanepoel et al., 2015 

Moultrie I40, Trailmasters TM 1550, DeerCam DC100, Stealth Cam 
MC2-GV 

Infrared, film N/A N/A N/A 

60 sec 
(digital 
cameras), 8 
min (film 
cameras) 

N/A N/A 50 

Swanson et al., 2015 
Scoutguard SG565, DLC Covert II, DLC Covert Reveal 

Passive 
Infrared 

N/A N/A ~14 60 sec 1-3 pictures N/A ~50 

Swanson et al., 2016 N/A N/A N/A N/A ~15 N/A N/A N/A ~50 

Symes 2017 Bushnell 119456 N/A N/A N/A N/A 3 sec 3 pictures N/A ~150 

Tambling et al., 2013 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Tambling et al., 2015 ScoutGuard 550V and SG550, Wildview STC-TGL3IR N/A N/A N/A N/A N/A N/A N/A N/A 

Tarugara et al., 2019a Cuddeback C2 Infrared N/A N/A N/A N/A N/A N/A N/A 

Tarugara et al., 2019b 
Cuddeback C2 Infrared 5 MP N/A N/A 

Minimum 60 
sec 

N/A N/A N/A 

Tarugara et al., 2021 Cuddeback C2 Infrared N/A N/A N/A 60 sec N/A N/A N/A 

Thompson et al., 2017a 
Ltl Acorn 6210MC, Bushnell NatureView HD Live View, ProStalk PC4000 Infrared N/A 

0.8 (Ltl Acorn 
6210MC and 

N/A 
Time lapse (1 
image every 

3 pictures 
burst 

N/A N/A 
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ProStalk 
PC4000), 0.2 
(Bushnell 
NatureView 
HD Live View) 

5 mins), set 
to motion 
detect with a 
3 min delay 
after 
breeding 
season 

Thompson et al., 2017b 

Ltl Acorn 6210MC, Bushnell NatureView HD Live View N/A N/A N/A N/A 

Time lapse (1 
image every 
5 mins), set 
to motion 
detect with a 
3 min delay 
after 
breeding 
season 

N/A 

10 sec 
recordings at 
one camera 
site 

N/A 

Thorn et al., 2009 DeerCam DC300, Camtrakker N/A N/A N/A N/A 5 min N/A N/A 45 

Thorn et al., 2011 
N/A 

Passive 
Infrared 

N/A N/A N/A N/A N/A N/A 
~45 

Tichagwa et al., 2020 Bushnell TrophyCam Infrared  8 MP N/A N/A 4 sec N/A N/A 100 

Torrents-Ticó et al., 2017 

Panthera v4, Bushnell TrophyCam 

Infrared 
(Bushnell), 
incandescent 
(Panthera v4) 

N/A 

0.18 (Panthera 
v4), 0.3 
(Bushnell 
TrophyCam) 

N/A 30 sec 

3 pictures 
(infrared 
cameras), 1 
picture 
(white flash 
cameras) 

N/A 

~50 

Torrents-Ticó et al., 2021 Bushnell Trophy Cam  Infrared N/A N/A N/A N/A 3 pictures N/A 90-100 

Tosso et al., 2018 
Moultrie M-990i N/A N/A N/A N/A 

4 
images/min 

N/A 30 sec 
N/A 

Treves et al., 2010 Camtrakkers Film N/A N/A N/A N/A N/A N/A N/A 

Tshabalala et al., 2021 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Turikunkiko et al., 2021 Reconyx Hyperfire PC800 Infrared N/A N/A N/A No delay 3 pictures N/A 50 

Turner and Midgley 2016 Ltl Acorn Ltl-6210M HD N/A N/A N/A N/A N/A N/A N/A N/A 

Turner et al., 2014 

Reconyx RC55 Rapidfire, PC 800 Hyperfire N/A N/A N/A N/A 

No delay. 1 
image per 
second for 
10 seconds 
when 
triggered 

N/A N/A 120 

van Berkel et al., 2019 Bushnell Trophy Cam HD 2012, 2015 models, Aggressor HD 2016 N/A N/A N/A N/A No delay 3 pictures N/A ~40 

van Blerk et al., 2017 Little Acorn Ltl-5210A N/A N/A N/A N/A N/A N/A 2 mins N/A 
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van der Meer et al., 2018 

Ltl Acorn 5210MG, 6210MG N/A N/A N/A N/A 

Time lapse (1 
image per 
min). After 
ringing time 
lapse was 1 
image/2min 

N/A N/A N/A 

Van der Weyde et al., 2018 
Bushnell Aggressor, Bushnell Trophy Cam Infrared  N/A N/A N/A 30 sec 

3 pictures 
burst 

N/A 
~60 

Van der Weyde et al., 2021 Bushnell Trophy Cam HD, Bushnell Aggressor N/A N/A N/A N/A 30 sec N/A N/A N/A 

van Leeuwen et al., 2020 

Bushnell Trophy Cam XLT, PixController DVREye, TrailMaster TM700v 
Passive 
Infrared 

8 MP 
(Bushnell 
Trophy 
Cam) 

N/A N/A 1 sec N/A 60 sec N/A 

Van Opstal et al., 2019 N/A N/A N/A N/A N/A N/A N/A N/A N/A 

van Pinxteren et al., 2018 Bushnell Trophy Cam model #119576C and #119476 N/A N/A N/A N/A N/A N/A N/A 30-160 

Vanthomme et al., 2013 Reconyx RC55 Rapidfire N/A N/A N/A N/A N/A N/A N/A ~50 

Veldhuis et al., 2020 N/A N/A N/A N/A N/A N/A N/A N/A ~40 

Verschueren et al., 2021a 
Cuddeback, DeerCam DC200, Bushnell Trophy Cam Infrared N/A N/A N/A 30 sec 

3 picture 
burst 

N/A ~75 

Verschueren et al., 2021b 
Bushnell Trophy Cam  N/A 5 MP N/A N/A 30 sec 

3 picture 
burst 

N/A 50-70 

Vink et al., 2020 Bushnell Trail Cam N/A N/A N/A N/A 1 sec N/A 60 sec ~100 

Vinks et al., 2021 Reconyx Hyperfire PC800 N/A N/A N/A N/A N/A N/A N/A N/A 

Vissia et al., 2021 
Bushnell Trophy Cam HD Essential E3, Crenova RD 1000 Trail Hunting 
Camera 

N/A 16 MP N/A N/A 5 sec 3 pictures N/A 
40-60 

Viviano et al., 2020 SpyPoint Force-10, Browning Strike Force HD Pro, PenCam N/A N/A N/A N/A N/A N/A N/A ~40-50 

Warbington and Boyce 2020 Reconyx HyperFire Infrared N/A N/A N/A No delay 3 pictures N/A N/A 

Webber et al., 2020 Bushnell Trophy Cam N/A N/A N/A N/A N/A N/A N/A 900 

Webster et al., 2021 Bushnell Trophy Cam HD Model 119537 LED flash 8 MP N/A N/A 30 sec N/A N/A 50-100 

Weinstein et al., 2020 
Moultrie Feeders model A-30 

Passive 
infrared 

N/A 
0.7 

N/A N/A 3 pictures N/A 50-100 

Weise et al., 2014 

Stealth Cam Rogue 5.0 model Infrared  N/A N/A Set to ~5m 

1 image 
every 4 
seconds 
when 
triggered (1 
min interval 
delay) 

N/A N/A 48 

Welch and Parker 2016 
Cuddeback Expert, Cuddeback Attack, Wildview Extreme 5 

Passive 
Infrared 

N/A N/A N/A N/A N/A N/A 31-126 
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Welch et al., 2019 
Wildview Xtreme 5 White flash  N/A N/A N/A 5 min 

3 pictures 
burst 

N/A 50-60 

Wells et al., 2021 Browning Strike Force HD Pro X N/A N/A N/A N/A 60 sec 3 pictures N/A 80 

Wentzel et al., 2021 Cuddeback Attack IR Model 1158 Infrared N/A N/A N/A N/A N/A N/A 120-150 

Wester 2019 Bushnell Nature View HD Max 119440 Infrared  N/A 0.7 N/A 1 sec N/A 60 sec N/A 

White et al., 2017 
Ltl Acorn 6210M Infrared  N/A N/A N/A No delay 

1-3 pictures 
per trigger 

60 sec N/A 

Whytock et al., 2021 Reconyx HP2X Hyperfire N/A N/A N/A N/A N/A N/A N/A ~30-40 

Widdows et al., 2015 
LtI Acorn 6210MC 

Passive 
Infrared 

N/A N/A N/A 60 sec N/A N/A 30-40 

Widness and Aronsen 2018 

DeerCam DC300, Cuddeback NF-4300, Recon Extreme Infrared Extreme 
Weather Model 5.0 

Film 
(DeerCam), 
Infrared 
(Cuddeback) 

N/A N/A ~10 

15 sec 
(analogue), 
30-60 sec 
(digital) 

N/A 
15-45 sec 
(digital 
cameras) 

50-100 

Wilkinson et al., 2021 Bushnell TrophyCam E2 N/A N/A N/A N/A 15 sec 2 pictures  N/A N/A 

Williams et al., 2014 Reconyx Rapidfire RC55 N/A N/A N/A N/A N/A N/A N/A 45 

Williams et al., 2017 Reconyx Hyperfire HC500 and HC600 N/A N/A N/A N/A ~1 sec N/A N/A ~40 

Williams et al., 2018a Cuddeback Ambush 1194 and 1170 Infrared  N/A N/A N/A 30 sec N/A N/A ~30 

Williams et al., 2018b Cuddeback Ambush 1194 and 1170 Infrared  N/A N/A N/A 30 sec N/A N/A ~30 

Williams et al., 2021a Panthera V-Series models V4, V5, V6, Cuddeback Attack N/A N/A N/A N/A N/A N/A N/A ~40 

Williams et al., 2021b Panthera V-Series models V4, V5, V6 N/A N/A N/A N/A N/A N/A N/A N/A 

Winterbach et al., 2017 

Panthera v4, Bushnell TrophyCam 
Incandescent 
(Panthera 
v4), infrared 
(Bushnell) 

N/A N/A N/A 

30 sec, 15 
sec at night 
for 
incandescent 
cameras 

3 pictures N/A N/A 

Winterton et al., 2020 
Cuddeback C3 blackflash N/A N/A N/A N/A 30 sec 

3 pictures 
burst 

N/A 40-50 

Wood et al., 2021 Bushnell Trophy Cam  Infrared N/A N/A N/A 60 sec N/A N/A ~60 

Woodgate et al., 2021 Bushnell Trophy Cam HD N/A N/A N/A N/A 30 sec N/A N/A ~30 

Wreford et al., 2017 Bushnell Trophy Cam, Ltl Acorn 5210, Ltl Acorn 6210 N/A N/A N/A N/A 10 sec N/A N/A N/A 

Zero et al., 2013 DeerCam  Film N/A N/A N/A 30 sec N/A N/A N/A 

Zungu et al., 2019 
LtI Acorn 6210MC, Moultrie M-880 

Passive 
Infrared 

N/A N/A N/A 30 sec N/A N/A 15-25 

Zungu et al., 2020a 
LtI Acorn 6210MC, Moultrie M-880 

Passive 
Infrared 

N/A N/A N/A 30 sec N/A N/A 15-25 

Zungu et al., 2020b 
LtI Acorn 6210MC, Moultrie M-880 

Passive 
Infrared 

N/A N/A N/A 30 sec N/A N/A 15-25 
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Supplementary Information S2.9. Summary of camera trap publications in Africa from 2005-2021 excluded in the review. 
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3.1 Abstract 

The naturally fragmented Afromontane Southern Mistbelt forests of KwaZulu-Natal, South 

Africa, have experienced increased anthropogenic disturbances over the last 300 years, 

particularly between 1870 – 1944, in the form of intense logging and with continued use for 

subsistence. This can make it challenging to form effective conservation management 

strategies to conserve biodiversity in these forests. During the austral wet and dry seasons, we 

determined the microhabitat characteristics of state-owned and privately-owned forests and, 

whether inferences could be made as to which forests experienced historical pressures, and 

what these variations in microhabitat could mean for the occupancy of bushbuck (Tragelaphus 

scriptus) and Cape porcupine (Hystrix africaeaustralis). These species were chosen because of 

their difference in habitat preference (forest specialist vs. generalist) and activity periods 

(diurnal vs. nocturnal), with bushbuck being a diurnal forest specialist and Cape porcupine 

being a nocturnal generalist. We deployed 339 camera traps across 14 indigenous forest 

patches, of varying sizes, across three study areas in the KwaZulu-Natal Midlands area. At 

each camera trap location, we recorded habitat structure foliage profiles in a 20 m radius around 

the camera trap. Camera trap locations were sampled in the wet (October – April) and dry (May 

– September) seasons to determine the factors influencing bushbuck and Cape porcupine 

presence. Comparisons between historically logged privately-owned forests and state-owned 

forests indicated that the heavily logged forests had fewer trees higher than 20 m, indicating a 

reduced canopy height in these forests. Bushbuck was the most recorded mammalian species 

across both seasons, with significant differences in detection instances for Cape porcupine 

being recorded between the wet and dry seasons, which may be because of the forests being 

used for fluctuating food resources as well as being used as refugia from fires, with the 

generalist feeding nature of Cape porcupine’s making them non-reliant on forests. Evidence of 

overutilisation of forest resources by local people in the state-owned forests in Bulwer, coupled 
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with hunting activities, may have resulted in the lowered naïve occupancies of bushbuck (wet 

season = 0.71, dry season = 0.56) and Cape porcupine (wet season = 0.26, dry season = 0.24) 

in these forests, compared with the bushbuck (wet season = 0.90, dry season = 0.85) and Cape 

porcupine (wet season = 0.37, dry season = 0.50) naïve occupancies experienced in privately-

owned forests. Bare ground cover, short trees (2 – 5 m) and woody saplings (0 – 2 m) positively 

influenced the presence of bushbuck. The microhabitat variables influencing Cape porcupine 

were quite varied, presumably as they are a generalist species, feeding on whichever resources 

are available. This study highlighted the microhabitat differences between the historically 

pressured privately-owned and state-owned forest patches, showing the influence of these 

microhabitat differences on the presence of bushbuck and Cape porcupine, which contributes 

to the implementation of effective forest conservation management strategies. 

Keywords Camera traps, Foliage profiles, Forest mammals, Historic pressures 

 

3.2 Introduction 

The effective functioning of natural ecosystems and the services they provide are negatively 

impacted by biodiversity loss (Mensah et al. 2020a), with the effects of habitat loss, habitat 

degradation and fragmentation on biodiversity being observed for several biomes and taxa 

(Fahrig 2003). One of the most important aspects of fragmentation relates to edge effects, 

which alter plant communities because of a change in available resources, microclimate or 

physical environments (Bach and Kelly 2004). The altering of plant communities also results 

from fragmentation, which interferes with pollination, whereby the number of flower visitors 

changes (Murcia 1996). The isolation of plant populations resulting from fragmentation not 

only results in a loss of species, but genetic variability is lost as well (Murcia 1996; Zambrano 

et al. 2019). The extinction of species in forest fragments is difficult to prevent, with certain 
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species being certainly lost; however, with the adoption of appropriate management strategies, 

some species may persist in these fragmented landscapes (Murcia 1996; Grass et at. 2019; 

Arroyo‐Rodríguez et al. 2020). The underlying mechanisms responsible for the ecological 

processes of forests have received little attention compared with ecosystems such as grasslands, 

with forests being highly complex, particularly in Africa, where these forests have unique 

vegetation diversity and complexity (Mensah et al. 2020a).   

In these fragmented landscapes, the regeneration of tree species and tree recruitment 

(Lawes et al. 2007a)  are vital for the survival of forests, with fragmentation effects impacting 

the availability of tree propagules and the abundances of seedlings, reducing the number of 

species and resulting in an altering of the community structure (Lawes et al. 2005a; Hill and 

Curran 2005). Forest fragmentation and the isolation of forest patches have the ability to 

strongly impact the persistence of tree species, particularly in small forest fragments (Lawes et 

al. 2007a). However, the rate at which the diversity of these plant species changes in these 

fragments is unknown, with research indicating that fragmentation significantly changes the 

tree species composition present in a forest, compared with the composition evident before 

disturbances occurred (Benítez‐Malvido and Martínez‐Ramos 2003). Fragmentation increases 

mortality rates of canopy trees in forest fragments, causing canopy gap formations (Laurance 

et al. 1997).  

Tree species’ persistence relies on the number of seeds, seedlings, and saplings 

available, which is considerably lower in forest fragments than in continuous forests (Benítez‐

Malvido and Martínez‐Ramos 2003). In small forest patches, fragmentation results in higher 

tree mortalities and edge effects, with an alteration in plant-animal interactions (Lawes et al. 

2005a). Human activities, such as logging and the clearing of forests for agriculture, have 

resulted in biodiversity loss (Geldenhuys 1997), which has severely impacted the integrity of 

these ecosystems, as well as their ability to provide valuable ecosystem services (Mensah et al. 
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2020b). This is particularly evident in the historically naturally fragmented Afromontane 

forests of South Africa, which experienced worsening fragmentation as a result of 

anthropogenic disturbances experienced over the last 300 years (Kotze and Samways 2001; 

Kotze and Lawes 2007). Destruction of these forests was particularly prominent during the 

period between 1870 and 1944, in the form of logging (Moll 1972; Wirminghaus et al. 1999), 

and increased agriculture and exotic commercial tree plantations, with the Karkloof forests 

estimated to cover only a quarter of their original area because of these activities (Wethered 

and Lawes 2003; Lawes et al. 2004; Adie et al. 2013). The logging activities experienced during 

this period were particularly focused on the felling of Afrocarpus/ Podocarpus spp., Olea 

capensis, Ocotea bullata and Ptaeroxylon obliquum, with the removal of these canopy trees 

resulting in an irregular forest canopy, which is still evident today (Moll 1972; pers. obs.). 

Coupled with the collection of timber, resources, such as poles, saplings and laths, were heavily 

exploited to build huts by local people (Moll 1972; Adie et al. 2013). These disturbances, 

coupled with unregulated harvesting and fire regimes (Mensah et al. 2020b), have resulted in 

many forest patches no longer being surrounded by natural grasslands but replaced with exotic 

tree plantations and alien vegetation (Wethered and Lawes 2003; Lawes et al. 2004; Taylor and 

Peacock 2018). These activities have resulted in the degradation of these forests, as many 

functions and services have been lost, with these disturbances further impacting the functioning 

and structure of the ecosystem, with factors such as resources and species interactions being 

altered as a result (Ghazoul et al. 2015).  

Most commercial logging activities in these naturally fragmented forest Afromontane 

forests of South Africa have been banned since 1939 (King 1941), with several degraded areas 

having restored forest vegetation (Mensah et al. 2020b); however, many have not reached their 

previous quality in terms of canopy height nor successional stage (Moll 1972; Wirminghaus et 

al. 1999; Hart et al. 2013; pers. obs.). In areas, such as the Karkloof, the majority of the land 
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became privately-owned since 1944, including the forested areas, with the state owning the 

remaining land (Weyer et al. 2015). This is true for most of the forests in the KwaZulu-Natal 

Midlands, with the majority of these forests being privately-owned (Bitani et al. 2023). Despite 

these forests being formally protected (privately-owned or state-owned) many of these forests, 

particularly the state-owned forests, are surrounded by communal land, with local communities 

relying on these forests for their livelihoods (Bitani et al. 2023). This resulted in a shift in 

disturbance from intense logging, during the colonial era, to resource extraction pressures, 

which is currently occurring in many of these forests, especially the state-owned forests, which 

are being exploited for fuelwood, food, traditional medicine and construction materials (Sosibo 

et al. 2022; Illukpitiya and Yanagida 2010; Lawes et al. 2005b). The frequent burning of the 

natural grasslands surrounding the forest is also responsible for forest destruction, and the 

winter grazing of cattle in the forests severely impacts regeneration (Moll 1972).  

The disturbance forests have experienced is important to understand, as disturbed 

forests could negatively affect forest specialist species, as they are reliant on a more 

homogeneous environment, whereas disturbance could positively affect generalist species, 

which can use heterogenous environments (Lavery et al. 2020). Seasonality also impacts the 

forest specialist and generalist species differently, with factors such as food availability being 

impacted, by factors such as rainfall, with variations in seasons altering the microhabitat 

characteristics (Stoner and Timm 2011; Richard et al. 2022). When these food resources 

become limited, generalist species are able to alter their diets to the food sources available, 

whereas forest specialist species need to alter the preferred habitat within the forest patch, or 

leave the forest patch to seek more abundant food sources (Stoner and Timm 2011). 

The Southern Mistbelt Forests are one of eight forest types found in South Africa, 

occurring from the Eastern Cape to the Midlands of KwaZulu-Natal (Symes et al. 2002; 

Mensah et al. 2020b). The sizes of these forests vary greatly because of their naturally 
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fragmented nature, with patch sizes ranging from a few hectares to over 1000 ha (Symes et al. 

2002). These forest patches provide vital socio-economic and ecological roles, as well as 

providing habitat for insect pollinators (Mensah et al. 2020b). The benefits these forests provide 

include fuel wood, medicinal resources, food, and controlling instances of biological invasions 

(Mensah et al. 2020b). These forests further play a vital role in reducing the impacts of climate 

change by being a carbon sink and providing watershed protection (Abiem et al. 2020; Mensah 

et al. 2020b).  

It is challenging to form effective conservation management strategies to conserve the 

high biodiversity in these ecosystems because of the highly fragmented nature of South 

Africa’s forests (Lawes et al. 2000b). Understanding the processes influencing forest landscape 

changes is vital for managing and conserving these forest areas, particularly in those 

anthropogenically modified environments, as these changes could result in fragmentation and 

habitat loss (Lawes et al. 2004; Rodríguez-Echeverry et al. 2018). It is vital to understand the 

floristic composition present in these forests to track the successional dynamics of forest 

vegetation to occurrences of various disturbances (Mensah et al. 2020b). By characterising the 

vegetation structures, an understanding of their dynamics could be achieved, which is useful 

when determining the effectiveness of enforced conservation measures, which could guide 

future management decisions (Mensah et al. 2020b; Gumede et al. 2022).  

We aimed to determine the plant species richness (PSR) and habitat characteristics of 

naturally fragmented indigenous Afromontane Southern Mistbelt Forest patches of varying 

sizes in the KwaZulu-Natal Midlands. These were collected to infer whether the effects of 

historical pressures are still present in these forests and to determine whether particular 

characteristics could potentially indicate the pressures exerted on these forests. We further 

assessed what these characteristics could mean for species such as 1) a large-bodied, diurnal 

forest specialist (bushbuck Tragelaphus sylvaticus) and 2) a smaller nocturnal, generalist (Cape 
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porcupine Hystrix africaeaustralis). We also assessed whether the impacts of these historical 

disturbances differ between state-owned and privately-owned forests, as well as the difference 

in habitat characteristics between the austral wet and dry seasons. We predicted that average 

tree heights would be shorter in historically intensely logged forest patches, particularly in the 

state-owned forests, with higher plant species richness in less disturbed forest patches. We also 

predicted that the state-owned forest patches would have lower naïve occupancies of bushbuck 

because of the predicted habitat disturbances, whilst Cape porcupines’ naïve occupancy was 

predicted to be potentially higher in these state forests because of the increased edge effects. In 

terms of habitat structures, we predicted that the wet season would exhibit a higher percentage 

covers of herbaceous plants, grass and water than the dry season, which we predicted would 

have higher levels of leaf litter and bare ground compared with the wet season. Due to this, we 

predicted that bushbuck occupancy would be higher in the wet season because of a higher 

abundance of food resources, whereas Cape porcupine naïve occupancies would not display 

considerable variations because of their generalist feeding patterns.  

 

3.3 Methods 

3.3.1 Study area 

The Afromontane Southern Mistbelt Forests are the oldest and most persistent forest type in 

South Africa, having been formed before the last glacial maximum (LGM), roughly 18,000 yr 

B.P. (Lawes et al. 2007b). These forests are considered naturally small and fragmented, 

occurring in a stable natural grassland matrix, with their distribution and size remaining fairly 

similar over the last 20,000 years (Lawes et al. 2000a; 2005a; Adie et al. 2013). The forests of 

this region have experienced fragmentation over most of their evolutionary history, primarily 

through considerable climatic changes during the Quaternary (Wethered and Lawes 2003; 

Griffiths and Lawes 2006). However, the fire-maintained grasslands, primarily comprising of 
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Themeda triandra, still dominate the majority of the Afromontane region (White 1978). The 

ecotones between the forests and grasslands are usually abrupt, occurring over 2-3 m (Lawes 

et al. 2005a), with these edges historically being maintained by natural fires; however, 

anthropogenic fires have recently been the primary source of maintenance (Kotze and 

Samways 2001). Exotic tree plantation was responsible for ~20% of the land transformation 

experienced in KwaZulu-Natal, with ~40% of the Karkloof – Balgowan forest regions 

experiencing this land transformation (Lawes et al. 2004). Since the 1940s, the forest area in 

the Midlands of KwaZulu-Natal has not changed considerably (Lawes et al. 2004).  

Our study was conducted in the indigenous forest patches located between Karkloof  

(29°18'1.98" S, 30°20'25.66" E), located ~22 km North of Howick, and Bulwer (29°48' 28.54" 

S, 29°45' 32.79" E; Figure 3.1.), located ~38 km East of Underberg, in south-western KwaZulu-

Natal. These forests fall under the Southern Mistbelt Forests in the KwaZulu-Natal Midlands, 

which are found between 1000 – 1500 m a.s.l., with the Karkloof forest being one of the largest 

Southern Mistbelt forests in Natal (Wirminghaus and Perrin 1993; Lawes et al. 2005a; Mucina 

et al. 2006). The forests occur on south-facing slopes, which receive approximately 1600 mm 

of rain annually, occurring primarily during the summer months, with temperatures ranging 

from -4 – 37 °C (Symes et al. 2002; Lawes et al. 2005a).  
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Figure 3.1: Study area, showing the locations of the indigenous forest patches selected within 

the Southern Mistbelt Forests between Karkloof (29°18'1.98" S, 30°20'25.66" E) and Bulwer 

(29°48' 28.54" S, 29°45' 32.79" E) in the Midlands of KwaZulu-Natal, South Africa.  

 

The canopy heights in these Southern Mistbelt Forests generally range from 15-20 m 

(Wethered and Lawes 2003; Lawes et al. 2005a; Mucina et al. 2006), with some emergent trees 

reaching heights of 37 m (White 1978). The tree species in these forests are highly uniform, 

most defined by 12 tree species (White 1978). The dominant canopy tree species in these forests 

include Xymalos monospora, Podocarpus falcatus, P. henkelii, P. latifolius, Celtis africana, 

Vepris lanceolata, Kiggelaria africana and Calodendrum capense (Lawes et al. 2005a). The 

Afrocarpus and Podocarpus yellowwood species in these indigenous forests play a particularly 

important environmental and ecological role, as they provide food and suitable habitat for many 

mammalian and avian species, thereby contributing to the maintenance of biodiversity in these 
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forest systems (Gumede et al. 2022). Generally, large yellowwoods are particularly scarce in 

those areas nearest to the once-populated areas of the early European settlers (Downs and 

Symes 2004). Various forest tree species continue to be exploited, for example, some for the 

medicinal value of their bark (Sosibo et al. 2022).  

 

3.3.2 Survey site selection 

We selected our survey sites using the geographic information system (GIS) software ArcGIS 

version 10.7 (ESRI, Redlands, CA, USA). Using the 2018 land cover map, we extracted all 

indigenous Southern Mistbelt Forests patches (Mucina et al. 2006) and selected only those 

patches greater than 0.5 ha. From the resulting layer, we categorised our study areas into three 

areas: Karkloof, Dargle and Bulwer, and selected forest patches of varying sizes and protection 

statuses in each area, comprising presently privately-owned forests and state-owned forests. 

We ensured that each area had a mainland forest patch, which was at least 90 ha, with the 

remaining selected forests being of varying size and distance from the mainland patch. This 

selection process resulted in 14 indigenous forest patches being selected for surveying, with 

four being in Karkloof, six in Dargle and four in Bulwer.  

 

3.3.3 Camera trap surveys 

The data on the occupancy of bushbuck and Cape porcupine, which were classified as a forest 

specialist (bushbuck) and a generalist (Cape porcupine), according to the information provided 

by literature (Skinner and Chimimba 2005), were obtained through a systematic camera trap 

survey we conducted between October 2020 and September 2021, which comprised of 184 

passive infrared camera trap locations, with ~60 camera traps being installed at a time, across 

the 14 surveyed indigenous forest patches. The camera trap study was conducted for the wet 

season (October-April) and the dry season (May-September). Camera trap installation 
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procedures and settings used followed those outlined by Ehlers Smith et al. (2017), whereby 

camera traps were deployed for at least 21 days, operating 24 h/day, with a 30 s motion detect 

trigger delay. The camera traps were deployed in a systematic 400 m x 400 m grid. To ensure 

the likelihood of the camera traps capturing passing wildlife, vegetation obscuring the sensor 

was removed, with the camera trap facing animal trails or gaps in vegetation which wildlife 

was likely to pass through. Camera traps were installed on a robust tree ~30 cm above the 

ground. 

 

3.3.4 Habitat structure 

We recorded the microhabitat characteristics at each survey site using the method outlined in 

Ehlers Smith et al. (2017) by noting woody plant species (including alien invasive species 

(Supplementary information Table S3.1), the average height of short grass and herbaceous 

plants (<25 cm), the average height of tall grass and herbaceous plants (>25 cm), the average 

height of woody plants (0-2 m) and maximum tree height, in a 20 m radius from the installed 

camera trap. We then noted the percentage cover of bare ground, leaf litter, short and tall grass, 

short and tall herbaceous plants, woody plants and water. We recorded the number of trees in 

each survey plot categorised by their height (2-5 m, 6-10 m, 11-15 m, 16-20 m, 20-25 m, >25 

m). We recorded canopy openness, cover, and closure at each plot using the gap light analysis 

mobile application (GLAMA), an effective method of estimating canopy cover in forest 

environments (Tichý 2016).  

 

3.3.5 Data analyses 

We calculated the mean height recordings for each of the vegetation classes using the Shannon–

Wiener formula (H=−∑[(pi)×ln(pi)] ) where pi is the proportion of total foliage occurring in 

the ith of the horizontal layers (Ehlers Smith et al. 2017; Bibby et al. 2000). All habitat variables 

incorporated into the occupancy modelling analysis (Table 3.1) were transformed into 
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standardised z-scores, with potential correlations between independent variables being tested 

for multicollinearity, to avoid potential issues (Ramesh and Downs 2015; Ehlers Smith et al. 

2017). Variables with VIF values exceeding 10 were deemed to be highly correlated (Alin 

2010), with this study having a maximum VIF of 3, once correlated variables were removed.  

13 variables remained in the wet and 15 in the dry season, once correlated variables were 

removed. The correlated variables removed were also based on the habitat preferences of the 

target species. For instance, herbaceous content was not removed for bushbuck, whereas it was 

removed for Cape porcupine.  

To estimate the probability of a species occupying a site (ψ) and detection probabilities 

(p), we used the single-season occupancy model (MacKenzie et al. 2006) in the program 

PRESENCE 2.13.6 (Hines 2006). The detection histories for each identified mammalian 

species were recorded for the 21 days using a binary detection history (1 = present, 0 = absent). 

Detection histories for the wet and dry seasons were analysed independently. 

We created a constant model in PRESENCE for each species (occupancy and detection 

probability were independent of the influence of covariates (Ψ(.)P(.)), with a model then being 

generated with all the microhabitat variables (Ehlers Smith et al. 2017). The impact of each 

variable was then modelled individually, with a combination of variables then being 

determined. Once the impacts of these variables were determined, variables were then 

modelled against ψ and p, to determine the factors most influential to the occupancy and 

detection probability of a particular species. This was determined by the model, which received 

the lowest Akaike’s information criterion (AIC) value (Ramesh and Downs 2015; Ehlers Smith 

et al. 2017). Models which exhibited a deltaAIC (ΔAIC) value of ≤ 2 were prioritised and 

considered as possessing equal explanatory power (Ramesh and Downs 2015; Ehlers Smith et 

al. 2017).  
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Table 3.1: Microhabitat covariates included, after removal of correlated covariates, in the 

occupancy modelling of bushbuck (Tragelaphus sylvaticus) and Cape porcupine (Hystrix 

africaeaustralis) in the Southern Mistbelt Forests in the midlands of KwaZulu-Natal, South 

Africa. 

Wet season Dry season 

Covariate Abbreviation Covariate Abbreviation 

Heterogeneity Index HI Heterogeneity Index HI 

Bare ground (%) BG Bare ground (%) BG 

Leaf litter (%) (removed 

for bushbuck and 

porcupine) 

LL Leaf litter (%) LL 

Grass cover (%) (removed 

for bushbuck) 

GC Grass cover (%) GC 

Herbaceous cover (%) 

(removed for porcupine) 

HC Herbaceous cover (%) HC 

Sapling and short woody 

plants 0-2 m (%) 

W0 Sapling and short woody 

plants 0-2 m (%) 

W0 

Water (%) WA Water (%) WA 

Stem density trees 2-5 m SD2 Stem density trees 2-5 m SD2 

Stem density trees  6-10 m SD6 Stem density trees  6-10 m SD6 

Stem density trees 11-15 m SD11 Stem density trees 11-15 m SD11 

Stem density trees 16-20 m SD16 Stem density trees 16-20 m SD16 

Stem density trees 20-25 m SD20 Stem density trees 20-25 m SD20 

Stem density trees >25 m SD25 Stem density trees >25 m SD25 

Plant species richness PSR Plant species richness PSR 

Canopy closure CC Canopy closure CC 

 

To determine the habitat variables with the most influence in the wet, dry, and both 

seasons combined, we performed an exploratory factor analysis (EFA), which is used to 

summarise any relationships among the included variables (Gorsuch 2013), thereby uncovering 

complex patterns (Yong and Pearce 2013). Before performing the EFA, we excluded those 

variables which indicated levels of multicollinearity too high (above 3) to perform the EFA 

(removed LL, GC and HI in the wet season and SD16 and HI in the dry season; no variables 

were removed in the analysis of both seasons combined).  

By performing a principal components analysis (PCA) in R Studio (version 2023.6.0.0), 

we identified the factors responsible for a total variance of at least 50%, which is deemed a 

sufficient level of explained variance (Beavers et al. 2013). The PCA extracts the important 
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information from the provided data and displays these variables as principal components, with 

the PCA displaying the patterns of similarity of the variables (Abdi and Williams 2010). To 

identify the number of factors to include in the factor analysis we performed a Cattell’s scree 

plot in R Studio, using the factoextra package (Verzani 2011), which represents the factors 

with their associated eigenvalues (Beavers et al. 2013). Higher eigenvalues indicate high 

amounts of variance (Beaver et al. 2013), with this study only incorporating those factors to 

include in the factor analysis which had an eigenvalue greater than 1. An EFA was then run, 

based on the number of included factors, using the factional function in R. We chose to use an 

oblique rotation for this analysis, which aids in the simplicity of interpreting the data (Abdi 

2003). Specifically, we used the PROMAX rotation, which has the advantage of being 

theoretically simple and fast, which could be interpreted by assessing the correlation between 

the variables and the axis, with the values of these correlations being termed as loadings (Abdi 

2003). Based on these results, we extracted the factor scores, which provide information on the 

variables' placement in relation to the included factors (DiStefano et al. 2009). A common 

factor analysis was then performed, which enables the exploration of constructs which cannot 

be directly measured, which are responsible for the scores attributed to the variables (Beavers 

et al. 2013).   

 

3.4 Results 

3.4.1 Microhabitat structure 

Due to camera trap malfunctions and theft, 164 out of 184 camera trap stations, and their 

corresponding microhabitat characteristics, were included for mammal occupancy and 

microhabitat analysis for the wet season, with a single camera trap (Waterfall) being excluded 

from the wet season because of camera malfunction, with 175 out of 184 camera trap stations 

and habitat characteristics being included in the dry season, resulting in a total of 339 camera 
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trap stations in this study (Table 3.2). Karkloof had 181 camera trap locations across four forest 

patches, Dargle had 82 camera trap locations across six forest patches, and Bulwer received 

the remaining 76 camera trap locations across four forest patches. 

Plant (tree) species richness (PSR) varied between forest sites (Supplementary 

Information Table S3.1), with a total of 44 tree species being recorded across all sites 

(Supplementary Information Table S3.2). Karkloof had the highest PSR of 42, with Dargle and 

Bulwer having a PSR of 36 and 32, respectively. Of these species, 32 were found across all 

study sites. The PSR also varied considerably between forest patches (Supplementary 

Information Table S3.3), with the highest PSR (38) being recorded at Mbona in the Karkloof, 

whilst the lowest PSR (8) was recorded at Waterfall in the Dargle. The average PSR across all 

study sites was 25.21. At each camera trap location, Bulwer had the highest average PSR across 

all forest patches with 9.31, followed by Karkloof with 7.7 and Dargle with 7.09.  
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Table 3.2: Sampling effort and location of each forest patch across the surveyed Southern Mistbelt Forests in the midlands of KwaZulu-Natal, 

South Africa. 

Area Forest patch Coordinates Private/ 

state-owned 

Number of functional cameras, and corresponding 

microhabitat data, out of the total number installed     
Wet season Dry season 

Karkloof Mbona Private Nature 

Reserve 

29o18’08” S; 30o22’26” E Private 24 (28) 27 (28) 

 
Benvie Forest 29o15’27” S; 30o21’29” E Private 8 (8) 8 (8) 

 
Karkloof Nature Reserve 29o17’50” S; 30o13’59” E Private 45 (51) 49 (51) 

 
L'Abri Forest 29o17’08” S; 30o23’40” E Private 10 (10) 10 (10) 

Bulwer Marutswa Forest 29o48’36” S; 29o47’25” E State-owned 11 (11) 11 (11) 
 

Xotsheyake Forest 29o47’46” S; 29o47’16” E State-owned 4 (5) 4 (5) 
 

Ingelebantwana Forest 29o43’43” S; 29o44’35” E State-owned 9 (13) 12 (13) 
 

Nxumeni Forest 29o55’38” S; 29o50’42” E State-owned 11 (14) 14 (14) 

Dargle Wakefield Forest 29o28’57” S; 29o53’44” E Private 8 (9) 8 (9) 
 

Maritzdaal Forest 29o29’06” S; 30o02’57” E Private 21 (21) 19 (21) 
 

Rameron Forest 29o20’34” S; 30o05’43” E Private 8 (8) 8 (8) 
 

Milestone Forest 29o22’57” S; 30o05’40” E Private 3 (3) 2 (3) 
 

Sharedown Forest 29o29’06” S; 29o54’28” E Private 2 (2) 2 (2) 
 

Waterfall Forest 29o30’54” S; 29o54’18” E Private 0 (1) 1 (1) 
    

Total = 164/184 Total = 175/184 
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Various microhabitat variables displayed considerable variations between forest 

patches in the wet and dry seasons (Tables 3.3 and 3.4). During the wet season, herbaceous 

cover was significantly higher than those recorded during the dry season for all forest patches, 

with the highest recordings being in Nxumeni. Grass cover percentages were generally higher 

during the wet season for most forest patches, with the Karkloof forests being the only patches 

exhibiting higher grass cover percentages during the dry season. The dry season showed 

significant increases in leaf litter coverage for the majority of forest patches, with Sharedown 

having the highest percentage coverage of leaf litter (82.1%). Bare ground coverage varied 

slightly between the wet and dry seasons, with the dry season generally exhibiting higher bare 

ground coverage than the wet season. Saplings and short woody plant cover displayed some 

variation between the wet and dry seasons, with the Karkloof having higher sapling and short 

woody plant cover during the wet season, whereas the remaining forest patches had higher 

coverage during the dry season.  

When assessing the Z-scores of the microhabitat variables for each forest cluster 

(Figure 3.2), Bulwer had higher numbers of bare ground, particularly in the dry season, with 

Dargle having the lowest overall number. Leaf litter numbers were consistently low in 

Karkloof, with significant variation between Bulwer's wet and dry seasons, with the dry season 

having higher leaf litter percentages. Dargle had considerably higher leaf litter percentages, 

particularly in the dry season. Grass cover percentages were generally higher in the wet season, 

except for in the Karkloof, which exhibited higher grass cover percentages in the dry season. 

Bulwer exhibited the highest overall amount of herbaceous cover percentages. Overall 

percentages of sapling and short woody plants 0-2 m were significantly higher in the dry season 

in Bulwer, whereas stem density 2-5 m numbers were highest in Bulwer during the wet season. 

Karkloof and Dargle generally exhibited significantly lower stem density 2-5 m numbers than 

Bulwer, particularly in the wet season. However, Karkloof had disproportionally high numbers 
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Table 3.3: Average foliage profile recordings across all forest patches for the wet season in the Southern Mistbelt Forests in the midlands of 

KwaZulu-Natal, South Africa.  

 

 

 Karkloof Bulwer Dargle 

Microhabitat 
variables 

Mbona Benvie KNR L’Abri Marutswa Xotsheyake Ingelebantwana Nxumeni Wakefield Maritzdaal Rameron Milestone Sharedown 

Heterogeneity Index 36.31 40.30 35.68 40.19 35.17 40.57 39.61 33.18 22.29 42.48 34.25 31.25 42.97 

Bare ground (%) 6.05 6.16 4.33 1.03 4 4.13 3.36 6.95 3.59 3.38 4.41 6.92 2 

Leaf litter (%) 25.12 16.38 22.09 14.78 12.20 17.25 16.06 12.36 25.38 27.85 49.13 16.42 41.63 

Grass cover (%) 9.59 14.66 22.68 38.43 31.89 32.19 22.86 15.77 33.38 31.56 20.41 36.33 3.88 

Herbaceous cover (%) 47.53 52.63 44.22 41.3 45.93 37.75 51.11 59.75 28.88 34.24 18.66 35.25 50.38 

Saplings and short 
woody plants 0-2 m 
(%) 

10.15 7.25 6.68 5.8 6.05 8.56 6.86 5.98 7.72 2.64 6.78 5.58 2.13 

Water (%) 0.42 1.88 0.66 0.13 0 0 0 0.55 0 0.21 0 0 0 

Stem density (SD) 2-5 
m 

23.35 19.25 32.98 30.8 41.45 42.25 25.67 18.55 31.38 28.62 24.13 19.67 29 

Stem density (SD) 6-
10 m 

9.17 11.88 7.73 8.4 4.09 3.25 4.89 2.36 4.5 6.05 4.63 0.67 14 

Stem density (SD) 11-
15 m 

4.91 6.13 5 2.5 2 1.75 2 0.45 1 15.19 5.88 1.67 20.5 

Stem density (SD) 16-
20 m 

4.78 7 6.71 7.5 4.09 3.25 5 2.36 0.38 5.33 1.38 2.67 0 

Stem density (SD) 20-
25 m 

1.26 4.63 1.18 3.5 0.73 6 4.22 2.55 0 0.14 0 0 0 

Stem density (SD) >25 
m 

0.22 0.75 0.02 0.2 0 0 1 0.64 0 0 0 0 0 

Plant species richness 
(PSR) 

3.77 5.5 8.2 8.2 7.55 10.5 9.33 7 5.5 8.24 8.75 6 5 

Canopy closure (CC) 85.07 83.27 84.03 85.03 87.32 89.74 88.21 88.73 86.15 89.25 90.95 85.48 90.27 
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Table 3.4: Average foliage profile recordings across all forest patches for the dry season in the Southern Mistbelt Forests in the midlands of 

KwaZulu-Natal, South Africa. 

 Karkloof Bulwer Dargle 

Microhabitat 
variables 

Mbona Benvie KNR L’Abri Marutswa Xotsheyake Ingelebantwana Nxumeni Wakefield Maritzdaal Rameron Milestone Sharedown Waterfall 

Heterogeneity 
Index 

23.46 26.07 25.81 19.76 28.65 38.89 35.33 36.81 23.58 45.01 29.32 38.82 13.77 14.29 

Bare ground 
(%) 

4.91 7.78 3.71 1.53 4.84 4.75 3.54 8.36 3.66 4.62 6.34 3.88 2 4.5 

Leaf litter (%) 39.55 30.34 30.87 27.33 35.80 47.38 33.48 26.70 46.16 31.09 48.44 24.88 82.13 67.75 

Grass cover 
(%) 

22.48 22.63 28.63 40.28 24.02 15.69 19.85 11.09 14.88 27.58 13.75 31.63 2 12 

Herbaceous 
cover (%) 

25.89 31.75 38.76 26.25 25.25 19.31 33.44 42.54 25.31 30.68 17.88 33.75 2.38 7.75 

Saplings and 
short woody 
plants 0-2 m 
(%) 

7.88 5.25 5.95 3.73 10.73 13.13 9.25 10.25 9.72 5.07 11.25 7.13 11.5 8 

Water (%) 0.21 1.16 0.21 0 0.14 0.13 0.21 0.96 0.06 0 0 0 0 0 

Stem density 
(SD) 2-5 m 

20.11 23.5 24.57 18.7 22.55 26.75 23.5 18.57 20.88 14 19.5 12 40.5 18 

Stem density 
(SD) 6-10 m 

3.33 4.25 3.63 5.6 3.09 4 3.83 3.93 3.38 6.58 4.75 6.5 0 0 

Stem density 
(SD) 11-15 m 

1.41 1.38 3.22 0.8 1.18 1.75 3.42 1.86 0.25 2.89 0.38 2.5 0 0 

Stem density 
(SD) 16-20 m 

0.93 0.75 1.80 0.3 0.82 1.25 2.67 2.14 0 2.37 0.38 3.5 0 0 

Stem density 
(SD) 20-25 m 

0.15 0 0.04 0 0.09 0.25 0.17 0.21 0 0.21 0 0 0 0 

Stem density 
(SD) >25 m 

0 0 0 0 0 0 0 0.14 0 0 0 0 0 0 

Plant species 
richness (PSR) 

9.56 8.75 8.12 9.5 9.36 11.75 9.42 9.57 6.63 9.79 9.63 10 5.5 5 

Canopy 
closure (CC) 

90.36 88.54 91.95 90.69 88.24 85.52 88.42 84.23 87.29 88.54 88.85 84.89 80.80 93.01 
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of stem density 6-10 m in the wet season than the other clusters, with Bulwer’s wet season 

having significantly lower numbers of stem density 6-10 m and stem density 11-15 m numbers. 

Stem density 16-20 m displayed the highest values in Karkloof’s wet season, whilst Bulwer 

displayed a significantly higher stem density 20-25 m in the wet season. Stem density >25 m 

numbers were highest overall in Bulwer. Canopy closure values varied considerably in all 

clusters, with canopy closure being generally higher in the wet season, as was evident in Bulwer 

and Dargle; however, Karkloof had significantly lower numbers in the wet season.  

Between the state-owned and privately-owned forests, microhabitat variables exhibited 

certain variations between the wet and dry seasons (Figure 3.3; Table 3.5). Heterogeneity index 

and bare ground were significantly higher in state-owned forests, particularly during the dry 

season, with privately-owned forests displaying higher levels of leaf litter, particularly during 

the dry season. Grass cover varied in state-owned forests, with the dry season displaying a 

considerably lower percentage of grass cover. Herbaceous cover was considerably higher in 

the wet season in the state-owned forests, with the percentages being consistently lower in the 

wet and dry seasons in the privately-owned forests. Saplings and short woody plants 0-2 m 

were significantly higher in the state-owned forests, particularly during the dry season, with 

stem density 2-5 m numbers also being consistently higher in the state-owned forests during 

both seasons. However, the state-owned forests had considerably lower numbers of stem 

density 6-10 m and stem density 11-15 m in the wet season. Privately-owned forests had 

consistently low numbers of stem density 16-20 m, stem density 20-25, stem density >25 m 

and PSR, with state-owned forests exhibiting higher numbers of stem density 20-25, stem 

density >25 m and PSR, particularly during the wet season. Canopy closure varied between the 

wet and dry seasons for state-owned forests, with higher values being experienced during the 

wet season. Privately-owned forests also displayed a slight variation in canopy closure; 

however, higher values were found during the dry season. 
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Table 3.5: Average foliage profile Z-score recordings, and their associated P-value, for state and privately-owned forests in the Southern Mistbelt 

Forests in the midlands of KwaZulu-Natal, South Africa. 

 

 

Microhabitat variables State-owned 

(Wet season) 

P-

value 

State-owned 

(Dry season) 

P-

value 

Privately-

owned (Wet 

season) 

P-

value 

Privately-

owned (Dry 

season) 

P-

value 

Heterogeneity Index 0.05 0.96 0.45 0.66 -0.02 0.99 -0.28 0.82 

Bare ground (%) 0.03 0.97 0.14 0.89 -0.04 0.99 -0.05 0.94 

Leaf litter (%) -0.49 0.63 0.07 0.95 0.21 0.92 0.38 0.97 

Grass cover (%) 0.15 0.88 -0.42 0.68 -0.01 1.00 -0.07 0.83 

Herbaceous cover (%) 0.30 0.76 -0.04 0.97 -0.16 0.94 -0.19 0.99 

Saplings and short woody plants 0-2 m (%) 0.07 0.94 0.67 0.50 -0.09 0.96 -0.06 0.74 

Water (%) -0.21 0.83 0.12 0.91 0.00 1.00 -0.05 0.95 

Stem density (SD) 2-5 m 0.25 0.80 0.15 0.88 -0.18 0.93 -0.01 0.94 

Stem density (SD) 6-10 m -0.57 0.57 -0.11 0.91 0.17 0.93 -0.06 0.95 

Stem density (SD) 11-15 m -0.56 0.58 -0.01 0.99 0.19 0.92 -0.18 1.00 

Stem density (SD) 16-20 m -0.29 0.77 0.12 0.91 -0.16 0.94 -0.19 0.95 

Stem density (SD) 20-25 m 0.56 0.58 0.21 0.83 -0.07 0.97 -0.14 0.92 

Stem density (SD) >25 m 0.32 0.75 0.23 0.82 -0.05 0.98 -0.11 0.91 

Plant species richness (PSR) 0.50 0.62 0.43 0.67 -0.27 0.89 -0.25 0.83 

Canopy closure (CC) 0.52 0.60 -0.60 0.55 0.01 1.00 -0.12 0.76 
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3.4.2 Factor analysis on microhabitat variables 

Based on Cattell’s scree plot results (Supplementary Information Figure S3.1), for the 

microhabitat variables in the wet season, three factors were included, which had an eigenvalue 

greater than 1. The PCA scree plot and corresponding table displaying proportion variance 

explained for each component (Supplementary Information Figure S3.2) determined that three 

components were responsible for 70% of the explained variances for the wet season. The 

performed function analysis, using the PROMAX rotation (Figure 3.4) and common factor 

analysis (Figure 3.5), indicated the loading value association for each microhabitat variable 

(Supplementary  Information Table S3.4).  

These loadings indicated that factor 1 could relate to emerging trees, with stem density 

20-25 m (0.95), stem density 16-20 m (0.69) and stem density >25 m (0.66) having high factor 

loadings. This indicated that when there were instances of tall emergent trees, there were fewer 

sub-canopy trees (11-15 m), indicated by the lower factor loading scores by this category (-

2.5). PSR (0.78) and stem density 2-5 m (0.71) displayed high factor loading scores for factor 

2, which could relate to disturbance and possible edge effects, with the highest PSR and stem 

density 2-5 m values being in Xotsheyake, with these factor loadings indicating that percentage 

bare ground cover is strongly negatively correlated with PSR and stem density 2-5 m. Stem 

density 6-10 m (0.99) and stem density 11-15 m (0.75) displayed high factor 3 loadings, which 

could be associated with the sub-canopy, indicating that bare ground coverage (-0.57) would 

generally be lower with an increasing sub-canopy.  
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Figure 3.4: Factor analysis of microhabitat variables in the a) wet season, and b) dry season in the Southern Mistbelt Forests in the midlands of 

KwaZulu-Natal, South Africa. (Abbreviations: BG = bare ground (%); HC = herbaceous cover (%); LL = leaf litter (%); GC = grass cover (%); 

W0 = saplings and short woody plants (%); WA = water (%); SD2 = stem density of trees 2-5 m; SD6 = stem density of trees 6-10 m; SD11 = 

stem density of trees 11-15 m; SD16 = stem density of trees 16-20 m; SD20 = stem density of trees 20-25 m; SD25 = stem density of trees >25 m; 

PSR = plant species richness; CC = canopy closure).  
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Figure 3.5: Common factor analysis of microhabitat variables in the a) wet season, and b) dry season in the Southern Mistbelt Forests in the 

midlands of KwaZulu-Natal, South Africa. (Abbreviations: BG = bare ground (%); HC = herbaceous cover (%); LL = leaf litter (%); GC = grass 

cover (%); W0 = saplings and short woody plants (%); WA = water (%); SD2 = stem density of trees 2-5 m; SD6 = stem density of trees 6-10 m; 

SD11 = stem density of trees 11-15 m; SD16 = stem density of trees 16-20 m; SD20 = stem density of trees 20-25 m; SD25 = stem density of trees 

>25 m; PSR = plant species richness; CC = canopy closure).
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During the dry season, two factors exhibited eigenvalues greater than 1, with the PCA 

scree plot indicating that two components were responsible for 64% of the total explained 

variances. Factor analysis (Figure 3.4) and common factor analysis (Figure 3.5) indicated that 

grass cover (0.96), stem density 6-10 m (0.83) and herbaceous cover (0.77) had the highest 

factor loadings for factor 1, which could be associated with the sub-canopy and understory in 

the forest, with leaf litter (-0.93) being generally lower with an increased sub-canopy and 

understory coverage. Bare ground (0.77) and stem density >25 m (0.76) had the highest factor 

2 loadings, indicating the relationship between tall emerging trees and bare ground coverage, 

with instances of tall emerging trees generally resulting in an increase in bare ground on the 

forest floor. 

For both seasons, three factors had eigenvalues higher than one, with the total explained 

variance from the three components being 61%. Performed factor analysis (Figure 3.6) and 

common factor analysis (Figure 3.7) indicated that factor 1 loadings were highest for 

herbaceous cover (0.97), which could relate to the relationship between herbaceous cover and 

leaf litter (-1.03), indicating that when herbaceous cover is high, leaf litter coverage would be 

significantly lower. Only stem density 11-15 m (0.81) exhibited high factor 2 loading scores, 

relating to the sub-canopy of the forest, with saplings and short woody plants 0-2 m (-0.65) 

having a negative correlation with this variable, indicating that an increase in sub-canopy trees 

would result in fewer saplings and short woody plants 0-2 m (-0.65). No microhabitat variables 

indicated a particularly strong loading score on factor 3; however, stem density 11-15 m (0.51) 

and leaf litter (0.49) indicated a moderately positive loading score, which is associated with the 

relationship between the sub-canopy and the leaf litter on the forest floor, whereby higher leaf 

litter and sub-canopy coverage would generally result in lower grass cover (-0.98).  
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Figure 3.6: Factor analysis of microhabitat variables for both seasons combined in the 

Southern Mistbelt Forests in the midlands of KwaZulu-Natal, South Africa. (Abbreviations: HI 

= heterogeneity index;  BG = bare ground (%); LL = leaf litter (%); GC = grass cover (%); HC 

= herbaceous cover (%); W0 = saplings and short woody plants (%); WA = water (%); SD2 = 

stem density of trees 2-5 m; SD6 = stem density of trees 6-10 m; SD11 = stem density of trees 

11-15 m; SD16 = stem density of trees 16-20 m; SD20 = stem density of trees 20-25 m; SD25 

= stem density of trees >25 m; PSR = plant species richness; CC = canopy closure). 
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Figure 3.7: Common factor analysis of microhabitat variables for both seasons combined in 

the Southern Mistbelt Forests in the midlands of KwaZulu-Natal, South Africa. Abbreviations: 

HI = heterogeneity index;  BG = bare ground (%); LL = leaf litter (%); GC = grass cover (%); 

HC = herbaceous cover (%); W0 = saplings and short woody plants (%); WA = water (%); 

SD2 = stem density of trees 2-5 m; SD6 = stem density of trees 6-10 m; SD11 = stem density 

of trees 11-15 m; SD16 = stem density of trees 16-20 m; SD20 = stem density of trees 20-25 

m; SD25 = stem density of trees >25 m; PSR = plant species richness; CC = canopy closure. 

 

3.4.3 Occupancy of bushbuck and Cape porcupine 

A total of 3215 trap days were conducted in the wet season, with the dry season having 3551 

trap days, resulting in a total sampling effort of 6766 trap days across both seasons, with these 

seasonal totals differing as a result of higher numbers of malfunctioned and stolen camera traps 

during the wet season. The most frequently captured species in the wet and dry seasons were 

bushbuck (n = 1126) and Cape porcupine (n = 353, Supplementary Information Table S3.5). 

During the wet season, Karkloof had the highest number of captures of bushbuck on camera 
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During the dry season, Benvie, L’Abri, Milestone and Sharedown had a naïve 

occupancy for bushbuck of one, with the naïve occupancies generally not displaying 

considerable variations between seasons for the majority of forest patches. However, notable 

variations were observed in Ingelebantwana, Wakefield, Rameron, Nxumeni and Xotsheyake, 

whereby naïve occupancies of bushbuck were considerably lower in the dry season, with 

Xotsheyake having a naïve occupancy of zero. 

For Cape porcupines, during the wet season, Karkloof had the highest number of 

captures on camera traps (51), followed by Dargle (33) and Bulwer (22). From the camera trap 

stations deployed in each cluster in the wet season, naïve occupancies of Cape porcupine were 

highly similar between the forest clusters, with Bulwer having a slightly higher naïve 

occupancy (0.26) compared with Karkloof and Dargle (0.24), meaning the state-owned forests 

experienced a slightly higher naïve occupancy of Cape porcupine compared with the privately-

owned forests. During the dry season, all forest clusters experienced a considerable increase in 

naïve occupancy of Cape porcupine, particularly in Dargle, which displayed a rise in values 

from 0.24 in the wet season to 0.55 in the dry season, making it the forest cluster with the 

highest naïve occupancy value in the dry season. Karkloof also exhibited considerably higher 

naïve occupancies in the dry season (0.46), with Bulwer having the lowest experienced naïve 

occupancy (0.37). This meant privately-owned forests had considerably higher naïve 

occupancies during the dry season (0.50) than state-owned forests (0.37).  

Naïve occupancies per forest patch in the wet season for Cape porcupines showed that 

the highest values were at Benvie (0.63), Xotsheyake (0.50) and Rameron (0.50). Several forest 

patches experienced no recordings (Nxumeni, Milestone and Sharedown), with naïve 

occupancies across the remaining sites generally low (<0.30). During the dry season, however, 

most sites experienced a rise in Cape porcupine naïve occupancy, with a few sites (Benvie, 

Ingelebantwana and Nxumeni) having the same naïve occupancy values as the wet season. The 
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highest values were experienced in Rameron (0.75), Xotsheyake (0.75) and Marutswa (0.73), 

with no recordings being experienced at Waterfall and Nxumeni. The remaining sites all 

displayed naïve occupancies higher than 0.30.  

The top models for bushbuck and Cape porcupine (Table 3.6) demonstrated the 

microhabitat variables most influential to a particular species' occupancy and detection 

probability. During the wet season, the top model for bushbuck indicated a detection 

probability of 0.18, with the dry season exhibiting a higher detection probability of 0.23. The 

top models for Cape porcupine showed a more consistent detection probability between the 

wet (0.14) and dry (0.15) seasons. Bare ground positively influenced the occupancy probability 

of bushbuck in the wet and dry seasons (Supplementary Information Table S3.8). Bare ground, 

however, negatively influenced the detection probability of these species, except for bushbuck 

during the dry season. Other microhabitat variables influencing the occupancy probability of 

these species varied, even for the same species between seasons; however, bushbuck and Cape 

porcupine were influenced by the stem density of trees, which varied in length, with canopy 

closure also having a positive influence on the occupancy probability of Cape porcupine in the 

dry season. 

Canopy closure positively influenced the detection probability of bushbuck, with water 

positively influencing the detection probability of these species, except bushbuck during the 

dry season. The heterogeneity index also positively influenced the detection probability of 

bushbuck during both seasons, with Cape porcupine’s detection probability only being 

positively influenced by the heterogeneity index during the wet season. Grass cover, leaf litter 

and plant species richness positively influenced the detection probability of bushbuck and Cape 

porcupine during the dry seasons, with stem density of trees, of varying lengths positively 

influencing the detection probability of all species across both seasons. 
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Table 3.6: The top models indicating the microhabitat variables most influential to the occupancy and detection probabilities of bushbuck 

Tragelaphus sylvaticus and Cape porcupine Hystrix africaeaustralis across all forest patches for the wet and dry seasons in the midlands of 

KwaZulu-Natal, South Africa. 

 

Species Model AIC Delta 

AIC 

AIC 

wgt. 

Model 

likelihood 

No. 

Par 

2*log 

like 

Ψ±SE p±SE 

Bushbuck 

(wet) 

psi(HI+BG+SD2+WA),p(HC+WA+CC+SD2+SD25+HI) 2735 0.00 0.41 1.00 12 2711.00 0.88±0.025 0.18±0.008 

Bushbuck 

(dry) 

psi(W0+SD25+BG),p(CC+SD16+GC+SD25+BG+SD20+PSR+HI+LL+SD2+SD6) 3052.66 0.00 0.08 1.00 16 3020.66 0.78±0.049 0.23±0.026 

Porcupine 

(wet) 

psi(SD11+PSR),p(WA+SD11+SD16+W0+SD2+SD6+HI+SD25) 782.42 0.00 0.24 1.00 12 758.42 0.29±0.041 0.14±0.012 

Porcupine 

(dry) 

psi(SD2+CC),p(LL+SD6+GC+WA+SD11+PSR) 1598.99 0.00 0.08 1.00 10 1578.99 0.5±0.065 0.15±0.024 

Abbreviations: BG = bare ground (%); WA = water (%); HC = herbaceous cover (%); GC = grass cover (%); LL = leaf litter (%); CC = canopy closure; PSR = plant species richness; 

HI = heterogeneity index; W0 = saplings and short woody plants (%); SD2 = stem density of trees 2-5 m; SD6 = stem density of trees 6-10 m; SD11 = stem density of trees 11-15 m; 

SD16 = stem density of trees 16-20 m; SD20 = stem density of trees 20-25 m; SD25 = stem density of trees >25 m. 
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3.5 Discussion 

3.5.1 Plant microhabitat structure 

For each of the forest clusters, the collected microhabitat results indicated that the prediction 

that the wet season would exhibit a higher percentage of herbaceous cover was correct, with 

all forest clusters having significantly higher herbaceous cover during the wet season than the 

dry season. This is most likely because of the higher rainfall these forests receive during the 

wet season, with herbaceous cover percentages between seasons being primarily determined 

by the variation in rainfall these sites receive (Buitenwerf et al. 2011). For grass cover, most 

forest clusters exhibited a higher percentage of grass cover during the wet season, with 

Karkloof being the only cluster displaying a lower percentage of coverage during the wet 

season. Grass cover in these forests is likely able to persist during the dry season as a result of 

the opening of the canopy because of leaf shedding (de Souza et al. 2004), which is observed 

in the forest clusters, whereby leaf litter was considerably higher in these forests during the dry 

season, confirming our prediction. The assumption that water cover would be higher in the wet 

season because of the majority of rainfall occurring during this period (Symes et al. 2002; 

Lawes et al. 2005a) was mostly true, except for Bulwer during the dry season, as there was 

significant snowfall in these forests during this period. This also resulted in considerable water 

cover in Karkloof during the dry season as well; however, water cover in Dargle remained low 

as snow was not present during sampling. Bare ground percentage cover displayed a slightly 

higher percentage cover in the dry season for all forest clusters.   

Plant species richness varied between study sites; however, most tree species were 

shared between sites. Tree species diversities were considerably less than those recorded in 

studies conducted in the Coastal Belt Forest, with a study conducted by Ehlers Smith et al. 

(2017) identifying a total of 193 plant/ tree species in the forest habitat compared with the 44 

plant/ tree species identified in this study. Compared with the lowland forests, Afrotemperate 
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forests have significantly fewer tree flora, with these forests exhibiting considerably high levels 

of homogeneity and uniformity, with low endemism (Adie et al. 2017).  

The Afromontane forests sampled in this study have experienced varying levels of 

human disturbances, with each forest’s floristic variations possibly being determined by each 

forest's ability to respond to disturbances and regenerate (Everard 1992). The Afromontane 

forests in the study area have been naturally fragmented, which has been worsened through 

human activities, with these forests consisting of several large patches to multiple small 

patches, roughly 1 ha in size, which have been heavily logged in the past (Wethered and Lawes 

2003; Downs and Symes 2004; Grieve and Downs 2015; Cooper et al. 2017). This is 

particularly true for the forests in Karkloof and Balgowan, which are estimated to be about 

40% of their original size as a result of the extensive logging activities conducted from 1860 

to 1940 by colonial settlers (Lawes et al. 2000b; Adie et al. 2013; Grieve and Downs 2015). 

Some of these forests are still harvested despite their protection status, with a forest department 

being established in 1902 (Grieve and Downs 2015). The structure and compositions of these 

forests have been shaped by the severe logging activities experienced during this period, 

resulting in a change in the species composition within these disturbed forests (Lawes et al. 

2007a; Adie et al. 2013). Despite the known occurrence of logging activities in several of the 

sampled forest patches, the results from GLAMA did not produce results indicative of these 

activities; however, the assessment of stem densities between historically logged forests and 

those less disturbed forests, particularly those trees taller than 20 m, are quite apparent. 

The effects of extensive logging on the forests in this study could be identified through 

the heights of the canopy trees, recorded in a 20 m radius plot at each survey site. Bulwer 

exhibited, on average, the most trees in the 20-25 m (1.78) and >25 m (0.22) tree height 

categories, followed by Karkloof (20-25 m = 1.34; >25 m = 0.15) and Dargle (20-25 m = 0.03; 

>25 m = 0.00). Aerial photographs of the Karkloof forests have indicated that the canopies in 
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the forests have become more uneven with more gaps, which is the result of the removal of the 

large canopy trees, particularly the large Afrocarpus/Podocarpus spp., during this period of 

heavy logging (Lawes et al. 2004; Downs and Symes 2004; Grieve and Downs 2015). The 

removal of these canopy trees has been suggested to result in a 40 % reduction in mean canopy 

height, with these structural modifications likely to affect the ecology of these forests (Downs 

and Symes 2004). This would coincide with previous studies suggesting that tree regeneration 

can be relatively slow following logging events, taking multiple decades (Qie et al. 2019) or 

even ceasing, which could reduce conservation value for these heavily disturbed forests (Lawes 

and Chapman 2006). These differences between stem densities higher than 20 m are also 

observable between state-owned and privately-owned forests, as is apparent from the factor 

analysis results, whereby the extensively logged privately-owned forests all displayed lower 

stem densities of trees higher than 20 m, compared with the state-owned forests, which were 

not as extensively logged, with privately-owned forests exhibiting no trees higher than 25 m 

during the dry season.  

The disturbances faced by these forests could be one of the possible reasons plant/ tree 

species richness per camera trap site was lowest in the Dargle (7.09) and Karkloof (7.7) forests, 

with Bulwer (9.31), which were all state-owned forests, having the highest plant/ tree species 

richness per camera trap site. However, protected areas, such as Mbona Private Nature Reserve 

in Karkloof, which was declared a protected area under national legislation (Carbutt and 

Martindale 2014), had the highest plant/ tree species richness (38), along with the Karkloof 

Nature Reserve (36), indicating that the persistence of many species can be affected by habitat 

protection, as well as the restoration of habitat (Crouzeilles et al. 2015).  

Although many of the forests in this study have been protected since the logging by 

colonial settlers and are presently managed by Ezemvelo KwaZulu-Natal Wildlife (EKZNW), 

since the 1980s, uncontrolled collection of natural resources is still prevalent in many of these 
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forests (Lawes et al. 2007a; Adie et al. 2013; pers. obs.). This was particularly evident in the 

forests of Marutswa and Xotsheyake, and in some sections of Nxumeni, in Bulwer, where local 

residents were frequently seen harvesting natural resources, such as firewood and building 

materials from the forests (pers. obs.). These forests have also been exploited for plants used 

in traditional medicines, as well as bark stripping, which play an important role in the lives of 

people in rural communities (Cunningham 1991), with frequent sightings of domestic 

mammals, such as cattle (Bos taurus) and dogs (Canis familiaris), being observed on our 

camera traps, as well as during our fieldwork, particularly in Marutswa and Xotsheyake. The 

presence of cattle could be particularly destructive for these forests, as they cause damage to 

the forest margin through trampling and overgrazing (Cooper and Moll 1968; Wirminghaus 

and Perrin 1993; Fremout et al. 2020), which was particularly evident in Marutswa and 

Xotsheyake, where the forest edges were noticeably more open and less dense than forests 

unaffected by cattle grazing (pers. obs.).  

These harvesting activities have been present in many Afrotemperate forests, which 

could result in fragmentation and alterations in vital ecosystem functions, with the forest 

structure and composition being altered by the cutting of poles and collection of firewood 

(Cooper and Moll 1968; Lawes et al. 2007a; Cooper et al. 2017). The heavy exploitation of 

many of the forests in Bulwer could be one of the reasons these forests had the lowest overall 

PSR (32), than Karkloof (42) and Dargle (36), as the harvesting of these resources, could 

potentially lead to the local extinction of certain tree species (Lawes et al. 2007a). The 

extraction of resources in the forests surveyed in the state-owned forests in Bulwer, except for 

Ingelebantwana, could also have resulted in these forests having, on average, the lowest stem 

density of trees between the 6-10 m (3.68) and 11-15 m (1.8) height categories, when compared 

with those privately-owned forests surveyed in Karkloof (6-10 m = 6.75; 11-15 m = 3.17) and 

Dargle (6-10 m = 4.25; 11-15 m = 4.19). Ingelebantwana did not show indications of resource 
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extraction in the forest, with there being no nearby communities. Instead, the forest was 

surrounded by natural grassland and exotic plantations, which could explain the considerably 

higher average number of trees in these height categories.  

 

3.5.2 Impact of microhabitat structure on bushbuck and Cape porcupine 

When assessing the factors most influential to the presence of the two analysed mammalian 

species, it becomes apparent that there is considerable variation in the microhabitat variables 

influencing their presence between the wet and dry seasons. These microhabitat variables 

displayed variations not only between forest patches but between seasons as well, which were 

found independent of the occupancy modelling as well as in the raw data analysis. Bushbuck, 

which is a forest specialist, had the highest detection in the wet and dry seasons of all the 

mammalian species identified. Bushbuck were present in every forest surveyed in the wet 

season; however, bushbuck were not detected on the camera traps in two forests (Waterfall and 

Xotsheyake) during the dry season. Bushbuck showed a positive relationship with bare ground 

in the wet and dry seasons, with the bushbuck also being positively influenced by the presence 

of trees of varying lengths; however, there seemed to be a particular preference for the presence 

of short trees (2-5 m) and woody samplings (0-2 m). This is supported by the fact that bushbuck 

are browsers whose diet primarily consists of dicotyledonous plant forms (MacLeod et al. 

1996; Venter and Kalule-Sabiti 2016; Bayih and Yihune 2018), with bushbuck further having 

a preference for more densely vegetated areas (MacLeod et al. 1996), with the plant species 

and vegetation structure being important factors determining food for the bushbuck (Coates 

and Downs 2006).  

Microhabitat preferences did show some variations between the wet and dry seasons, 

with herbaceous cover positively influencing the detection probability of bushbuck in the wet 

season, whereas in the dry season, leaf litter was observed to be more influential. These findings 
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are similar to those observed by Ehlers Smith et al. (2017), who found the preference of 

bushbuck to occupy those areas with higher percentage covers of saplings and woody species. 

Bushbuck were also found in the vast majority of sites during both seasons, regardless of the 

level of anthropogenic disturbances experienced, although these more disturbed areas 

(primarily the forests in Bulwer) did have considerably lower naïve occupancies of bushbuck, 

likely because of the hunting activities observed in these forests, than the forests in Karkloof 

and Dargle, which are privately-owned. The persistence of bushbuck is because of the 

flexibility of the species, allowing them to persist even in those environments which 

experienced significant anthropogenic disturbances, which could include dense urban areas and 

hunting pressures (Bayih and Yihune 2018).  

Cape porcupines were present in almost every forest patch surveyed in the wet and dry 

seasons, except for Sharedown, Milestone, and Nxumeni in the wet season and Waterfall and 

Nxumeni in the dry season. Cape porcupine detections were considerably higher in the dry 

season (247) than in the wet season (106). This difference in Cape porcupine detections 

between seasons was contrary to our prediction that detections would be similar between 

seasons, with this result being possible because of several factors. This could include the fact 

that the feeding behaviour of Cape porcupines, being a generalist species, could be determined 

by the change in seasons, which results in an altering of their diet (Kraai et al. 2023). This is 

particularly evident in the dry seasons, whereby these herbivores would forage previously 

unwanted foods (Kraai et al. 2023). Another factor could pertain to the fact that Cape 

porcupines could use these forests as fire refugia during the dry season, whereby these 

minimally affected environments play a vital role in the survival of fire-sensitive species 

(Dornbusch et al. 2022). Although a generalist species which benefits from habitat 

transformations, they are still vulnerable to the threats of hunting and persecution (Ngcobo et 
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al. 2019), which could explain the overall lower naïve occupancies of Cape porcupine in the 

state-owned forests in Bulwer. 

 Numerous microhabitat variables positively influenced Cape porcupine detection 

probability, particularly tree stem densities of varying sizes (SD2, SD6, SD11, SD16, SD25), 

for both seasons, with grass cover, leaf litter and plant species richness positively influencing 

their detection probability in the dry season. The broad range of microhabitat variables 

positively influencing the presence of Cape porcupines indicates their wide ecological 

tolerance (Van Aarde 1987; Ngcobo et al. 2019), with bare ground, canopy closure, stem 

density of trees 20-25 m and grass cover being the only variables negatively impacting their 

detection probability across both seasons. Being generalists, Cape porcupines have a wide diet 

range, primarily determined by the available resources (Ngcobo et al. 2019).  

 

3.6 Conclusions 

When examining the microhabitat structural differences between the wet and dry seasons, as 

well as between the state-owned and privately-owned forests, it becomes apparent that various 

microhabitat variables displayed significant variations. Between seasons, microhabitat 

variables, such as herbaceous cover and grass cover, were overall higher during the wet season, 

with leaf litter being considerably higher during the dry season, which supports our prediction. 

When assessing whether historical pressures could still be inferred based on the microhabitat 

conditions characterising the forest, this study found that the heavily logged privately-owned 

forests exhibited noticeably lower stem densities of trees higher than 20 m, with the less 

historically logged state-owned forests having higher canopy heights. The PSR was also 

observed to be, on average, lower in the privately-owned forests, which is likely because of the 

more significant edge effects experienced by the state-owned forests, which increase plant 

species diversities, particularly at the forest edge. Microhabitat variables played a significant 
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role in forest mammalian occupancy and detection probability, particularly for bushbuck, in 

the Southern Mistbelt Forests in the Midlands of KwaZulu-Natal, South Africa. The 

microhabitat variables influencing the presence of these mammals varied between the wet and 

dry seasons. However, some microhabitat variables positively influenced their presence 

through both seasons, such as bare ground and short trees and saplings for bushbuck presence, 

which supported our initial prediction. Cape porcupines were positively influenced by a range 

of microhabitat variables, which is supported by their generalist nature, feeding on whichever 

resources are available. We found the observed overuse of forest resources and hunting 

practices in state-owned forests seemingly had a higher impact on these mammalian species’ 

naïve occupancies. Our study also found that although many of the surveyed forests were 

formally protected, there were uncontrolled collections of forest resources by the local 

communities, particularly in some of the forests surveyed in Bulwer (pers. obs., unpublished 

data).  

Although forest mammals display considerable resilience because of the climatic 

history of these forests and their naturally fragmented nature, these mammals are still 

vulnerable to the additional pressures exerted on them by anthropogenic activities. This was 

particularly evident in the state-owned forests in Bulwer, whereby the use of forest resources 

by the local people, coupled with hunting, was shown to decrease the naïve occupancies of 

both bushbuck and Cape porcupine, which went against our prediction that state-owned forests 

would have higher naïve occupancies of Cape porcupine, because of the edge effects these 

forests were likely to experience. Although the bushbuck is a highly resilient species, these 

practices also decreased their overall naïve occupancies compared with the privately-owned 

forests in the Karkloof and Dargle, indicating that the present pressures these forests face are 

more influential than the historical impacts. The microhabitat factors influencing the presence 

of Cape porcupine, and particularly bushbuck, as well as the impacts overuse of forest 
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resources has on the persistence of these mammals, will contribute to the implementation of 

effective management decisions, which will ensure these relatively fragile environments are 

protected, creating suitable environments for forest mammalian species to persist.  
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Importance of 
components: 

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 

Standard 
deviation      

1.93 1.61 1.43 1.17 0.87 0.77 0.70 0.44 0.36929 0.23709 0.19651 0.09031 

Proportion of 
Variance  

0.310
4 

0.22 0.17 0.11 0.06 0.05 0.04 0.02 0.01136 0.00468 0.00322 0.00068 

Cumulative 
Proportion  

0.310
4 

0.53 0.70 0.81 0.87 0.92 0.96 0.98 0.99142 0.9961 0.99932 1 

 

Supplementary Information Figure S3.2a. Principal components plot and associated Table 

results displaying the percentage of total variance explained for each component for the wet 

season, excluding the microhabitat variables: leaf litter, grass cover and heterogeneity index, 

for all forest patches in the Southern Mistbelt Forests in the midlands of KwaZulu-Natal, South 

Africa. 

 

 

 

 

 



 

183 
 

 

 

 

 

Supplementary Information Figure S3.2b. Principal components plot and associated Table 

results displaying percentage of total variance explained for each component for the dry season, 

excluding the microhabitat variables: stem density 16-20 m and heterogeneity index, for all 

forest patches in the Southern Mistbelt Forests in the midlands of KwaZulu-Natal, South 

Africa. 

 

 

 

 

Importance 
of 
component
s: 

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC1
1 

PC1
2 

PC1
3 

Standard 
deviation      

2.3
2 

1.7
3 

1.2
7 

0.9
4 

0.8
9 

0.7
6 

0.5
7 

0.5
2 

0.2
9 

0.26 0.16 0.08 0.05 

Proportion 
of Variance  

0.4
1 

0.2
3 

0.1
2 

0.0
7 

0.0
6 

0.0
4 

0.0
3 

0.0
2 

0.0
1 

0.01 0.00 0.00 0.00 

Cumulative 
Proportion   

0.4
3 

0.6
4 

0.7
7 

0.8
3 

0.9
0 

0.9
4 

0.9
7 

0.9
9 

0.9
9 

1.00 1.00 1.00 1.00 



 

184 
 

 

 

Importance of 
components: 

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 PC10 PC11 PC12 PC13 PC14 PC15 

Standard 
deviation      

2.18 1.56 1.41 1.29 1.06 0.96 0.82 0.70 0.56 0.53 0.41 0.30 0.27 0.19 0.06 

Proportion of 
Variance  

0.32 0.16 0.13 0.11 0.08 0.06 0.04 0.03 0.02 0.02 0.01 0.01 0.00 0.00 0.00 

Cumulative 
Proportion   

0.37 0.48 0.61 0.72 0.80 0.86 0.90 0.94 0.96 0.98 0.99 0.99 1.00 1.00 1.00 

 

 

Supplementary Information Figure S3.2c. Principal components plot and associated Table 

results displaying percentage of total variance explained for each component for both seasons, 

including all microhabitat variables for all forest patches in the Southern Mistbelt Forests in 

the midlands of KwaZulu-Natal, South Africa. 
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Supplementary Information Table S3.1. Tree species found in the respective forest areas in the present study. 

Tree species Common name Karkloof Tree species Common name Dargle Tree species Common name Bulwer 

Gymosporia harveyana Round-fruit forest spikethorn Karkloof Gymosporia harveyana Round-fruit forest spikethorn Dargle Gymosporia harveyana Round-fruit forest spikethorn Bulwer 

Carissa bispinosa Forest num-num Karkloof Carissa bispinosa Forest num-num Dargle Carissa bispinosa Forest num-num Bulwer 

Solanum mauritianum  Bugweed Karkloof Solanum mauritianum  Bugweed Dargle Solanum mauritianum  Bugweed Bulwer 

Eugenia gerrardii Forest umdoni Karkloof Eugenia gerrardii Forest umdoni Dargle Eugenia gerrardii Forest umdoni Bulwer 

Ptaeroxylon obliquum Sneezewood Karkloof Ptaeroxylon obliquum Sneezewood Dargle Ptaeroxylon obliquum Sneezewood Bulwer 

Trimeria grandifolia Wild mulberry Karkloof Trimeria grandifolia Wild mulberry Dargle Trimeria grandifolia Wild mulberry Bulwer 

Zanthoxylum capense Small knobwood Karkloof Zanthoxylum capense Small knobwood Dargle Zanthoxylum capense Small knobwood Bulwer 

Xymalos monospora Lemonwood Karkloof Xymalos monospora Lemonwood Dargle Xymalos monospora Lemonwood Bulwer 

Podorcapus latifolia Real yellowwood Karkloof Podorcapus latifolia Real yellowwood Dargle Podorcapus latifolia Real yellowwood Bulwer 

Podocarpus falcatus Common yellowwood Karkloof Podocarpus falcatus Common yellowwood Dargle Podocarpus falcatus Common yellowwood Bulwer 

Calodendrum capense Cape chestnut Karkloof Calodendrum capense Cape chestnut Dargle Calodendrum capense Cape chestnut Bulwer 

Cassinopsis illicifolia Lemon thorn Karkloof Cassinopsis illicifolia Lemon thorn Dargle Cassinopsis illicifolia Lemon thorn Bulwer 

Cryptocarya woodii Cape quince Karkloof Cryptocarya woodii Cape quince Dargle Cryptocarya woodii Cape quince Bulwer 

Eugenia zuluensis Paperbark Myrtle Karkloof Eugenia zuluensis Paperbark myrtle Dargle Eugenia zuluensis Paperbark Myrtle Bulwer 

Diospyros whyteana Bladdernut Karkloof Diospyros whyteana Bladdernut Dargle Diospyros whyteana Bladdernut Bulwer 

Celtis africana White skinkwood Karkloof Celtis africana White stinkwood Dargle Celtis africana White stinkwood Bulwer 

Tricalsia lanceolata Jackal-coffee Karkloof Cussonia sphaerocephala Forest cabbage tree Dargle Cussonia sphaerocephala Forest cabbage tree Bulwer 

Cussonia sphaerocephala Forest cabbage tree Karkloof Elaeodendron croceum Common saffron Dargle Elaeodendron croceum Common saffron Bulwer 

Elaeodendron croceum Common saffron Karkloof Calpurnia aurea common calpurnia Dargle Calpurnia aurea Common calpurnia Bulwer 

Ilex mitis Cape holly Karkloof Salacia gerrardii Forest lemon-rope Dargle Salacia gerrardii Forest lemon-rope Bulwer 

Calpurnia aurea Common calpurnia Karkloof Vepris lanceolata White ironwood Dargle Vepris lanceolata White ironwood Bulwer 

Pyrostria hystrix Porcupine-bush Karkloof Podorcapus henkelii Drooping-leaf yellowwood Dargle Podorcapus henkelii Drooping-leaf yellowwood Bulwer 

Solanum giganteum Healing-leaf tree Karkloof Clausena anisata Horsewood Dargle Clausena anisata Horsewood Bulwer 

Salacia gerrardii Forest lemon-rope Karkloof Kiggelaria africana Wild peach Dargle Kiggelaria africana Wild peach Bulwer 

Vepris lanceolata White ironwood Karkloof Ochna arborea Cold-bark ochna Dargle Ochna arborea Cold-bark ochna Bulwer 

Podocarpus henkelii Drooping-leaf yellowwood Karkloof Rapanea melanophloes Cape beech Dargle Rapanea melanophloes Cape beech Bulwer 

Clausena anisata Horsewood Karkloof Ficus craterostoma  Forest fig Dargle Ficus craterostoma  Forest fig Bulwer 
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Kiggelaria africana Wild peach Karkloof Casspourea malosana Common onionwood Dargle Scolopia zeyheri Thorn pear Bulwer 

Ochna arborea Cold-bark ochna Karkloof Scolopia zeyheri Thorn pear Dargle Halleria lucida Tree fuschia Bulwer 

Rapanea melanophloes Cape beech Karkloof Scutia myrtina  Cat thorn Dargle Zanthoxylum dayvi Forest knobwood Bulwer 

Ficus craterostoma  Forest fig Karkloof Halleria lucida Tree fuschia Dargle Drypetes gerrardii Forest ironplum Bulwer 

Casspourea malosana Common onionwood Karkloof Zanthoxylum dayvi Forest knobwood Dargle Pittosporum viridiflorum Cheesewood Bulwer 

Cnestis poyphylla Itch-pod Karkloof Drypetes gerrardii Forest ironplum Dargle    

Scolopia zeyheri Thorn pear Karkloof Scolopia mundii Red pear Dargle    

Scutia myrtina  Cat thorn Karkloof Pittosporum viridiflorum Cheesewood Dargle    

Halleria lucida Tree fuschia Karkloof Peddiea africana Poison olive Dargle    

Combretum edwardsii Forest climbing bushwillow Karkloof 
 

     

Zanthoxylum dayvi Forest knobwood Karkloof       

Drypetes gerrardii Forest ironplum Karkloof       

Pittosporum viridiflorum Cheesewood Karkloof       

Dovyalis rhamnoides Sourberry Kei-apple Karkloof       

Nuxia floribunda Forest nuxia Karkloof       
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Supplementary Information Table S3.2. Total list of tree species found in the forests in the 

present study. (Note: E = exotic invasive) 

Tree species Common name 

Gymosporia harveyana Round-fruit forest spikethorn 

Carissa bispinosa Forest num-num 

Solanum mauritianum  BugweedE 

Eugenia gerrardii Forest umdoni 

Ptaeroxylon obliquum Sneezewood 

Trimeria grandifolia Wild mulberry 

Zanthoxylum capense Small knobwood 

Xymalos monospora Lemonwood 

Podorcapus latifolia Real yellowwood 

Podorcapus falcatus Common yellowwood 

Calodendrum capense Cape chestnut 

Cassinopsis illicifolia Lemon thorn 

Cryptocarya woodii Cape quince 

Eugenia zuluensis Paperbark myrtle 

Diospyros whyteana Bladdernut 

Celtis africana White stinkwood 

Tricalsia lanceolata Jackal-coffee 

Cussonia sphaerocephala Forest cabbage tree 

Elaeodendron croceum Common saffron 

Ilex mitis Cape holly 

Calpurnia aurea Common calpurnia 

Pyrostria hystrix Porcupine-bush 

Solanum giganteum Healing-leaf tree 

Salacia gerrardii Forest Lemon-rope 

Vepris lanceolata White Ironwood 

Podocarpus henkelii Drooping-leaf yellowwood 

Clausena anisata Horsewood 

Kiggelaria africana Wild peach 

Ochna arborea Cold-bark ochna 

Rapanea melanophloes Cape beech 

Ficus craterostoma  Forest fig 

Casspourea malosana Common onionwood 

Cnestis poyphylla Itch-pod 

Scolopia zeyheri Thorn pear 

Scutia myrtina  Cat thorn 

Halleria lucida Tree fuschia 

Combretum edwardsii Forest climbing bushwillow 

Zanthoxylum dayvi Forest knobwood 

Drypetes gerrardii Forest ironplum 

Pittosporum viridiflorum Cheesewood 

Dovyalis rhamnoides Sourberry kei-apple 

Nuxia floribunda Forest nuxia 

Scolopia mundii Red pear 

Peddiea africana Poison olive 
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Supplementary Information Table S3.3a. Tree species found in forest patches in the 

Karkloof forest area in the present study. (Abbreviations: KNR = Karkloof Nature Reserve).  

Tree species Common name Site    

Gymosporia harveyana Round-fruit forest spikethorn Benvie Labri KNR Mbona 

Carissa bispinosa Forest num-num Benvie Labri KNR Mbona 

Solanum mauritianum  Bugweed Benvie Labri KNR Mbona 

Eugenia gerrardii Forest umdoni Benvie Labri KNR Mbona 

Ptaeroxylon obliquum Sneezewood Benvie Labri KNR Mbona 

Trimeria grandifolia Wild mulberry Benvie Labri KNR Mbona 

Zanthoxylum capense Small knobwood Benvie  KNR Mbona 

Xymalos monospora Lemonwood Benvie Labri KNR Mbona 

Podocarpus latifolia Real yellowwood Benvie Labri KNR Mbona 

Afrocarpus falcatus Common yellowwood Benvie Labri KNR Mbona 

Calodendrum capense Cape chestnut Benvie Labri KNR Mbona 

Cassinopsis illicifolia Lemon thorn Benvie Labri KNR Mbona 

Cryptocarya woodii Cape quince Benvie Labri KNR Mbona 

Eugenia zuluensis Paperbark myrtle Benvie Labri KNR Mbona 

Diospyros whyteana Bladdernut Benvie Labri KNR Mbona 

Celtis africana White stinkwood Benvie Labri KNR Mbona 

Tricalsia lanceolata Jackal-coffee Benvie   Mbona 

Cussonia sphaerocephala Forest cabbage tree Benvie Labri  Mbona 

Elaeodendron croceum Common saffron Benvie Labri KNR Mbona 

Ilex mitis Cape holly Benvie  KNR Mbona 

Calpurnia aurea Common calpurnia Benvie Labri KNR Mbona 

Pyrostria hystrix Porcupine-bush Benvie Labri KNR Mbona 

Solanum giganteum Healing-leaf tree Benvie  KNR Mbona 

Salacia gerrardii Forest lemon-rope Benvie Labri KNR Mbona 

Vepris lanceolata White ironwood  Labri KNR Mbona 

Podorcapus henkelii Drooping-leaf yellowwood  Labri KNR Mbona 

Clausena anisata Horsewood  Labri KNR Mbona 

Kiggelaria africana Wild peach  Labri KNR Mbona 

Ochna arborea Cold-bark ochna Benvie Labri KNR Mbona 

Rapanea melanophloes Cape beech  Labri KNR Mbona 

Ficus craterostoma  Forest fig  Labri KNR Mbona 

Casspourea malosana Common onionwood  Labri  Mbona 

Cnestis poyphylla Itch-pod  Labri KNR Mbona 

Scolopia zeyheri Thorn pear   KNR  

Scutia myrtina  Cat thorn   KNR Mbona 

Halleria lucida Tree fuschia   KNR Mbona 

Combretum edwardsii Forest climbing bushwillow    Mbona 

Zanthoxylum dayvi Forest knobwood   KNR  

Drypetes gerrardii Forest ironplum    Mbona 

Pittosporum viridiflorum Cheesewood   KNR  

Dovyalis rhamnoides Sourberry kei-apple   KNR  

Nuxia floribunda Forest nuxia    Mbona 
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Supplementary Information Table S3.3b. Tree species found in forest patches in the Dargle 

forest area in the present study. (Abbreviations: WF = Wakefield, SN = Sharedown, WL = 

Waterfall, ME = Milestone, RN = Rameron, MZ = Maritzdaal). 

Tree species Common name Site 
     

Gymosporia harveyana Round-fruit forest spikethorn WF SN WL ME RN MZ 

Carissa bispinosa Forest num-num WF SN WL ME RN MZ 

Solanum mauritianum  Bugweed WF 
  

ME RN MZ 

Eugenia gerrardii Forest umdoni WF SN WL ME RN MZ 

Ptaeroxylon obliquum Sneezewood WF SN 
 

ME RN MZ 

Trimeria grandifolia Wild mulberry WF SN WL ME RN 
 

Zanthoxylum capense Small knobwood WF 
    

MZ 

Xymalos monospora Lemonwood WF 
  

ME RN MZ 

Podocarpus latifolia Real yellowwood WF SN WL ME RN MZ 

Afrocarpus falcatus Common yellowwood WF 
 

WL ME RN MZ 

Calodendrum capense Cape chestnut WF 
  

ME RN MZ 

Cassinopsis illicifolia Lemon thorn 
    

RN MZ 

Cryptocarya woodii Cape quince 
  

WL ME RN MZ 

Eugenia zuluensis Paperbark myrtle WF SN WL ME RN MZ 

Diospyros whyteana Bladdernut WF SN 
 

ME RN MZ 

Celtis africana White stinkwood WF SN 
  

RN MZ 

Cussonia sphaerocephala Forest cabbage tree 
     

MZ 

Elaeodendron croceum Common saffron 
    

RN MZ 

Calpurnia aurea Common calpurnia 
     

MZ 

Salacia gerrardii Forest lemon-rope WF 
    

MZ 

Vepris lanceolata White ironwood WF 
    

MZ 

Podocarpus henkelii Drooping-leaf yellowwood 
   

ME RN MZ 

Clausena anisata Horsewood 
     

MZ 

Kiggelaria africana Wild peach WF 
  

ME RN MZ 

Ochna arborea Cold-bark ochna WF 
    

MZ 

Rapanea melanophloes Cape beech WF 
  

ME RN MZ 

Ficus craterostoma  Forest fig 
   

ME RN MZ 

Casspourea malosana Common onionwood 
     

MZ 

Scolopia zeyheri Thorn pear WF 
  

ME 
 

MZ 

Scutia myrtina  Cat thorn 
   

ME RN MZ 

Halleria lucida Tree fuschia WF SN 
 

ME RN MZ 

Zanthoxylum dayvi Forest knobwood 
    

RN MZ 

Drypetes gerrardii Forest ironplum WF 
  

ME RN MZ 

Scolopia mundii Red pear 
      

Pittosporum viridiflorum Cheesewood 
     

MZ 

Peddiea africana Poison olive 
   

ME 
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Supplementary Information Table S3.3c. Tree species found in forest patches in the Bulwer 

forest area in the present study. (Abbreviations: MA = Marutswa, XT = Xotsheyake, IN = 

Ingelebantwana, NX = Nxumeni). 

 

Tree species Common name Site 
   

Gymosporia harveyana Round-fruit forest spikethorn MA XT IN NX 

Carissa bispinosa Forest num-num MA XT IN NX 

Solanum mauritianum  Bugweed MA XT IN NX 

Eugenia gerrardii Forest umdoni MA XT IN NX 

Ptaeroxylon obliquum Sneezewood MA XT IN NX 

Trimeria grandifolia Wild mulberry MA XT IN NX 

Zanthoxylum capense Small knobwood MA XT IN NX 

Xymalos monospora Lemonwood MA XT IN NX 

Podocarpus latifolia Real yellowwood 
 

XT IN NX 

Afrocarpus falcatus Common yellowwood MA XT IN NX 

Calodendrum capense Cape chestnut MA 
  

NX 

Cassinopsis illicifolia Lemon thorn MA XT 
 

NX 

Cryptocarya woodii Cape quince MA XT IN NX 

Eugenia zuluensis Paperbark myrtle MA XT IN NX 

Diospyros whyteana Bladdernut MA XT IN NX 

Celtis africana White stinkwood MA XT 
  

Cussonia sphaerocephala Forest cabbage tree MA XT 
 

NX 

Elaeodendron croceum Common saffron 
  

IN NX 

Calpurnia aurea Common calpurnia MA XT IN NX 

Salacia gerrardii Forest lemon-rope MA XT IN 
 

Vepris lanceolata White Ironwood MA XT IN NX 

Podorcapus henkelii Drooping-leaf yellowwood MA XT IN NX 

Clausena anisata Horsewood MA XT IN NX 

Kiggelaria africana Wild peach MA XT IN NX 

Ochna arborea Cold-bark ochna 
  

IN 
 

Rapanea melanophloes Cape beech MA XT IN NX 

Ficus craterostoma  Forest fig MA 
 

IN NX 

Scolopia zeyheri Thorn pear 
  

IN 
 

Halleria lucida Tree fuschia MA XT IN 
 

Zanthoxylum dayvi Forest knobwood MA 
  

NX 

Drypetes gerrardii Forest ironplum MA XT IN NX 

Pittosporum viridiflorum Cheesewood 
  

IN 
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Supplementary Information Table S3.4. Factor analysis table results displaying factor scores 

for each microhabitat variable for all forest patches in the Southern Mistbelt Forests in the 

midlands of KwaZulu-Natal, South Africa for a.) the wet season, excluding: leaf litter, grass 

cover and heterogeneity index, b.) the dry season, excluding stem density 16-20 m and 

heterogeneity index; and c.) for both seasons. (See Table 3.1 for abbreviations). 

 

a.  

 

 

 

 

 

 

 

 

 

b.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Factor 1 Factor 2 Factor 3 

BG -0.076 -0.83 -0.565 

HC 0.515 -0.168 0.21 

W0 0.368 -0.15 -0.329 

WA 0.583 -0.462 0.254 

SD2 0.073 0.71 0.066 

SD6 0.316 -0.001 0.991 

SD11 -0.249 0.029 0.751 

SD16 0.691 0.172 0.141 

SD20 0.954 0.425 -0.05 

SD25 0.657 -0.086 -0.049 

PSR 0.319 0.776 -0.344 

CC -0.341 0.377 -0.071 

 
Factor 1 Factor 2 

BG 0 0.77 

LL -0.93 -0.24 

GC 0.96 -0.45 

HC 0.77 0.48 

W0 -0.69 0.42 

WA 0.12 0.67 

SD2 -0.65 -0.04 

SD6 0.83 0.06 

SD11 0.6 0.24 

SD20 0.1 0.49 

SD25 -0.04 0.76 

PSR 0.61 0.25 

CC 0.39 -0.38 
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 c. 

 

 

 

 

 

 

 

 
Factor 1 Factor 

2 
Factor 3 

 HI 0.65 0.27 0.08 

BG 0.26 -0.54 0.13 

LL -1.03 0.06 0.49 

GC 0.44 0.22 -0.98 

HC 0.97 -0.02 0.05 

W0 -0.40 -0.65 0.19 

WA 0.40 -0.28 0.26 

SD2 -0.02 0.16 0.00 

SD6 0.44 0.45 0.35 

SD11 0.14 0.81 0.51 

SD16 0.70 0.05 -0.18 

SD20 0.57 -0.22 -0.11 

SD25 0.53 -0.35 0.16 

PSR 0.06 -0.06 -0.43 

CC -0.13 0.32 -0.12 
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Supplementary Information Table S3.5. Detection histories for bushbuck and Cape porcupine between privately-owned and state-owned forests 

between the dry and wet seasons. 

 

 Number of times recorded in camera traps 

Common name 
Karkloof 
(wet) 

Bulwer 
(wet) 

Dargle 
(wet) 

State-owned 
(wet) 

Privately-owned 
(wet) 

Total 
(wet) 

Karkloof 
(dry) 

Bulwer 
(dry) 

Dargle 
(dry) 

State-owned 
(dry) 

Privately-owned 
(dry) 

Total 
(dry) 

Bushbuck 296 52 168 52 464 516 325 66 219 66 544 610 

Cape porcupine 51 22 33 22 84 106 137 26 84 26 221 247 

             

 Number of camera traps with species records 

 

Karkloof 
(wet) 

Bulwer 
(wet) 

Dargle 
(wet) 

State-owned 
(wet) 

Privately-owned 
(wet) 

Total 
(wet) 

Karkloof 
(dry) 

Bulwer 
(dry) 

Dargle 
(dry) 

State-owned 
(dry) 

Privately-owned 
(dry) 

Total 
(dry) 

Bushbuck 76 25 39 25 115 140 80 23 34 23 114 137 

Cape porcupine 21 9 10 9 31 40 43 15 22 15 65 80 

             

 Percentage of sites with species detection (%)   

 

Karkloof 
(wet) 

Bulwer 
(wet) 

Dargle 
(wet) 

State-owned 
(wet) 

Privately-owned 
(wet)  

Karkloof 
(dry) 

Bulwer 
(dry) 

Dargle 
(dry) 

State-owned 
(dry) 

Privately-owned 
(dry)  

Bushbuck 87.4 71.4 92.9 71.4 89.2  85.1 56.1 85.0 56.1 85.1  
Cape porcupine 24.1 25.7 23.8 25.7 24.0  45.7 36.6 55.0 36.6 48.5  
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Supplementary Information Table S3.6. Naïve occupancy of bushbuck and Cape porcupine 

during the wet and dry seasons between the three forest clusters and between state-owned and 

privately-owned forests. 

 

Forest cluster 

Naïve occupancy 

of bushbuck  

wet season  

Naïve 

occupancy of 

bushbuck  

dry season  

Naïve 

occupancy of 

Cape porcupine 

wet season  

Naïve 

occupancy of 

Cape porcupine 

dry season  

Karkloof 0.87 0.85 0.24 0.46 

Bulwer 0.71 0.56 0.26 0.37 

Dargle 0.93 0.85 0.24 0.55 

State-owned  0.71 0.56 0.26 0.37 

Privately-

owned  0.90 0.85 0.24 0.50 
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Supplementary Information Table S3.7. Naïve occupancy of bushbuck and Cape porcupine 

in each forest patch during the wet and dry season. 

Forest patch 

Naïve occupancy of 
bushbuck  
wet season  

Naïve occupancy 
of bushbuck  
dry season  

Naïve occupancy of 
Cape porcupine  
wet season  

Naïve occupancy of 
Cape porcupine  
dry season  

Mbona 0.83 0.78 0.08 0.41 

Benvie 0.88 1.00 0.63 0.63 

Karkloof Nature Reserve 0.87 0.84 0.27 0.47 

L'Abri 1.00 1.00 0.20 0.40 

Marutswa 0.55 0.64 0.36 0.73 

Xotsheyake 0.75 0.00 0.50 0.75 

Ingelebantwana 0.89 0.67 0.33 0.33 

Nxumeni 0.73 0.57 0.00 0.00 

Wakefield 1.00 0.75 0.25 0.50 

Maritzdaal 0.86 0.95 0.19 0.53 

Rameron 1.00 0.75 0.50 0.75 

Milestone 1.00 1.00 0.00 0.50 

Sharedown 1.00 1.00 0.00 0.50 

Waterfall N/A 0.00 N/A 0.00 

Total naïve occupancy 0.85 0.78 0.24 0.46 
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Supplementary Information Table S3.8. Beta values and their corresponding standard errors 

for the microhabitat variables in top performing occupancy models of bushbuck and Cape 

porcupine during the wet and dry season. 

 

Bushbuck (wet season) Microhabitat variables Estimat

e 

std. error 

Probability of occupancy (psi) Heterogeneity Index 0.58 0.00  
Bare ground (%) -1.53 0.00  
Stem density trees 2-5 m -0.61 0.00  
Water (%) 1.56 0.00 

Detection probability (P) Herbaceous cover (%) -0.16 0.00  
Water (%) 0.10 0.00  
Canopy closure -0.00 0.00  
Stem density trees 2-5 m 0.12 0.00  
Stem density trees >25 m -0.14 0.00  
Heterogeneity Index 0.08 0.00 

Bushbuck (dry season) 
   

Probability of occupancy (psi) Sapling and short woody plants 0-2 m (%) -0.36 0.18  
Stem density trees >25 m -2.12 740.81  
Bare ground (%) -0.30 0.17 

Detection probability (P) Canopy closure -0.19 0.05  
Stem density trees 16-20 m 0.14 0.07  
Grass cover (%) -0.13 0.06  
Stem density trees >25 m 0.14 -

1.#IND00  
Bare ground (%) -0.13 0.06  
Stem density trees 20-25 m -0.10 0.06  
Plant species richness -0.11 0.05  
Heterogeneity Index 0.07 0.07  
Leaf litter (%) 0.11 0.06  
Stem density trees 2-5 m -0.08 0.05  
Stem density trees  6-10 m 0.08 0.05 

Cape porcupine (wet season) 
   

Probability of occupancy (psi) Stem density trees 11-15 m -0.37 0.00  
Plant species richness 0.37 0.00 

Detection probability (P) Water (%) 0.60 0.00  
Stem density trees 11-15 m -0.53 0.00  
Stem density trees 16-20 m 0.47 0.00  
Sapling and short woody plants 0-2 m (%) 0.35 0.00  
Stem density trees 2-5 m -0.38 0.00  
Stem density trees  6-10 m -0.39 0.00  
Heterogeneity Index -0.26 0.00  
Stem density trees >25 m 0.14 0.00 

Cape porcupine (dry season) 
   

Probability of occupancy (psi) Stem density trees 2-5 m 0.19 0.17  
Canopy closure 0.34 0.18 
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Detection probability (P) Leaf litter (%) 0.45 0.10  
Stem density trees  6-10 m 0.26 0.10  
Grass cover (%) 0.30 0.10  
Water (%) 0.23 0.08  
Stem density trees 11-15 m 0.11 0.07  
Plant species richness -0.13 0.09 
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4.1 Abstract 

Afromontane forests of KwaZulu-Natal Province, South Africa, are highly fragmented, both 

naturally and anthropogenically, significantly impacting the biodiversity therein. This makes 

implementing effective conservation management strategies to conserve the biodiversity in 

these forests challenging. We investigated the presence of mammalian forest species in the 

Southern Mistbelt Forests in the Midlands of KwaZulu-Natal in 2020-2021, and how these 

occupancies differed between patches and seasons. We also investigated the influence of patch 

size, landscape configuration (number of neighbouring patches) and patch isolation (distance 

from mainland patch) on forest mammalian species diversities. We deployed a total of 339 

camera traps across 14 selected indigenous forest patches of varying sizes across three different 

study areas in the Midlands. We installed camera traps using a systematic grid placement of 

400 m x 400 m, with the camera traps being active for 24 h for at least 21 days. Camera trap 

locations were sampled in the wet (October – April) and dry (May – September) seasons to 

determine the difference in forest mammal presence across both seasons. We found that 

mammalian species richness was higher during the dry season, likely because of generalist 

species, such as Cape porcupine Hystrix africaeaustralis and bushpig Potamochoerus larvatus, 

using forest resources when they are otherwise scarce, with these forests also potentially been 

used as refugia from fire. Mammalian species richness was higher in the larger forest patches 

and, generally, those patches with higher landscape configurations. Isolation distance did not 

seem to be particularly impactful on species richness in these forests, likely because of the 

nature of the surrounding matrix, with the use of the surrounding patches acting as ‘stepping 

stones’ for these mammals. This reinforces the need for conservation measures to be more 

focused on these smaller patches as they are of high conservation value.  

Keywords Camera traps, Occupancy modelling, Forest mammals 
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4.2 Introduction 

Biodiversity loss worldwide is primarily the result of habitat loss, fragmentation and increased 

population growth (Aben et al. 2014; 2016; Alexander et al. 2019). This is particularly evident 

in Africa, which has one of the world's highest human population growth rates, putting 

substantial pressure on natural environments and their resources (Amar and Cloete 2018). Loss 

of habitat often results in isolated fragments of natural environments, with the local extinctions 

of certain species occurring because of the lack of required environmental conditions, with 

species having varying tolerance levels to fragmentation (Bell and Donnelly 2006; Aben et al. 

2014; Zungu et al. 2019).  

In forested landscapes, fragmentation results in the division of a continuous forest into 

several smaller isolated patches (Liu et al. 2019), resulting in overall patch size reduction and 

an increase in isolation distances (Fahrig 2003). This can impact many species, such as their 

persistence and distribution, with the ecological interactions between species being impacted 

as well (Magrach et al. 2014). Due to this, the effects of fragmentation differ between species, 

with species more reliant on these ecological interactions being more severely affected 

(Magrach et al. 2014; Banks-Leite et al. 2020). The extinction of species in forest fragments is 

difficult to prevent, with certain species being certainly lost; however, with the adoption of 

appropriate management strategies, some species can persist in these fragmented landscapes 

(Murcia 1996; Grass et al. 2019; Arroyo‐Rodríguez et al. 2020).   

MacArthur and Wilson’s (1967) island biogeography theory (IBT) has been applied to 

habitat fragmentation as an analogy, whereby habitat fragments are seen as oceanic islands 

being surrounded by a harsh matrix (Bueno and Peres 2019), which could be in the form of 

agricultural land, or general modified land-use (Fox and Fox 2000). The IBT considers that 

species diversities are determined by the processes of immigration and extinction, with 

immigration rates decreasing with increasing isolation, with extinction rates decreasing with 
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larger island areas (Wu and Vankat 1995; Helmus et al. 2014). Due to the higher diversity of 

habitat types in larger patches, there is more speciation, with smaller habitats having a higher 

degree of closely related species and, therefore, less habitat variety because of lower 

colonisation rates, resulting in lower species richness (Fox and Fox 2000; Helmus et al. 2014; 

Ehlers Smith et al. 2020). Various factors, such as patch size, dispersal capability, mobility and 

the habitat matrix surrounding a patch, will impact the number of species disappearing in 

fragmented forest patches (Ehlers Smith et al. 2020).  

Mammals play several roles in ecosystems, which include the modification of 

vegetation structures, consuming and dispersing of seeds, being predators or prey and 

increasing nutrient cycling (Sinclair 2003; Ehlers Smith et al. 2020; Oblerosler et al. 2020; 

Beca et al. 2022). These factors result in species composition changes, with large mammals, in 

particular, impacting biodiversity and ecosystem functioning (Sinclair 2003). Mammals, such 

as the bushpig Potamochoerus larvatus and common duiker Cephalophus grimmia, have the 

ability to affect tree distributions in forests, as they remove fruits under parent trees, with some 

of these fruits being taken to other areas (Sinclair 2003). Mammals which disturb the soil 

surface layer in search of food, water and shelter, increase water infiltration, soil moisture and 

organic matter content of the soil, with these activities often resulting in improved soil health 

and seedling recruitment (Beca et al. 2022).  

Alterations in mammalian community richness and structures could have various 

negative effects, including an ecosystem's stability (Oblerosler et al. 2020). Due to the 

importance forest mammals play in plant-animal relations, particularly as seed dispersers, their 

removal could severely impact ecosystem functioning, thereby reducing the stability of the 

ecosystem (Grande-Vega et al. 2016; Hegerl et al. 2017). Forest mammals face many threats 

that could reduce their populations, including fragmentation and forest loss resulting from 

anthropogenic land use (McAlpine et al. 2006). Forest-dependent mammalian species are 
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particularly at risk because of these factors, as they have very particular habitat requirements 

and cannot move through the land use matrix (McAlpine et al. 2006). Hunting of forest 

mammals is considered to be one of the biggest threats these mammals face, particularly in 

Africa, with the meat of wild animals being a staple diet of many forest-dwelling people, with 

bushmeat further contributing to considerable incomes for many people (Fa and Brown 2009; 

Ripple et al. 2016; Hegerl et al. 2017). The demand for bushmeat has risen significantly with 

the increase in human population, with the hunting pressures resulting in the vulnerability of 

many wildlife species, particularly the larger mammal species with slower growth and 

reproduction rates, to local extinction  (Fa and Brown 2009; Grande-Vega et al. 2016; Ripple 

et al. 2016; Hegerl et al. 2017). 

To monitor biodiversity, the use of remotely-triggered camera traps has been a popular 

research tool for collecting species abundance or density data using a non-invasive method 

(Mann et al., 2015; Brassine and Parker 2015; Anile and Devillard 2016). The density 

estimations obtained through camera traps are essential for the establishment or evaluation of 

effective conservation management strategies, as they provide valuable information on the 

status of species, including those rare species occurring at low densities (Brassine and Parker 

2015; Balestrieri et al. 2016; Chauvenet et al. 2017). The use of camera traps allows for the 

sampling of multiple species in an environment, with valuable information such as the time 

and location of each capture provided, which can be used to compare the spatial and/or 

temporal patterns for various species (Ridout and Linkie 2009; Cusack et al. 2017).  

Camera traps are an effective method for inventorying cryptic species across different 

landscape types using a non-invasive, reliable and cost-effective method (Treves et al. 2010; 

Ramesh and Downs 2013; Swinnen et al. 2014; Dorning and Harris 2019). Camera traps are 

particularly useful in those environments which hinder the ability to directly observe wildlife, 

such as those environments characterised by dense vegetation, such as forests, which would 
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make animal signs extremely difficult to find, or to observe wildlife in nocturnal conditions 

(Giman et al. 2007; Treves et al. 2010). This is particularly beneficial when attempting to 

identify the seasonal variations in forest mammal occupancy, whereby seasonal change will 

alter the microhabitat conditions within forests, with forest mammals, particularly the forest 

specialist mammals, having to alter their preferred habitats within forests to obtain their 

necessary dietary requirements, or migrate out of them (Stoner and Timm 2011; Richard et al. 

2022). Forest generalist species, however, can alter their diet based on the available food 

resources (Stoner and Timm 2011). 

In Africa, forests occupy approximately 21% of land cover, with these forests 

accounting for roughly 14% of the global forest area (Kelatwang and Garzuglia 2006; Xiao et 

al. 2022). The rapid rate at which these forests were converted to agricultural land meant that 

many forest species relied on disturbed forest patches for a chance of survival, as these 

disturbances would reduce the overall habitat availability for species (Lawes and Chapman 

2006; Kadoya et al. 2022). In South Africa, forests are the smallest biome, comprising roughly 

0.6% of the land surface area and occur primarily along the southern and eastern coastline 

(Lawes et al. 2007; Adie et al. 2013; Mangwale et al. 2017). The three main types of forests in 

the country include the Indian Ocean Coastal Belt Forest, the Afrotemperate Forests, which 

occur inland, and Scarp Forests, which run perpendicular between the Afrotemperate and 

Coastal Forests along river gorges (Mucina and Rutherford 2006; Lawes et al. 2007). 

Forests in KwaZulu-Natal Province, South Africa, are highly rich in fauna and flora 

diversities (Ricketts and Shackleton 2020); however, they are a challenge to conserve because 

of their predominantly small patch size and highly fragmented distribution, often being difficult 

to access (Adie et al. 2013). The large forest patches are vital as they are population sources 

for both mammals and birds, with the conservation of these forests and their surrounding areas 

being necessary for these diversities to exist (Iezzi et al. 2018). In those highly fragmented 
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forest regions, it may be beneficial to implement an alternative conservation strategy, which 

could aid in reducing the effects introduced through landscape fragmentation, with the 

formation of a network of protected areas being a likely measure to conserve biodiversity 

(Diniz et al. 2018). To maintain ecosystem function, as well as manage land-use practices, 

biodiversity assessments are an essential element of conservation planning (Chapman et al. 

2018).  

The Southern Mistbelt Forests in the KwaZulu-Natal Midlands are naturally 

fragmented because of the significant climate changes experienced during the Quaternary 

period (Wethered and Lawes 2003; Griffiths and Lawes 2006). Anthropogenic pressures have 

worsened the fragmentation of these forests, particularly because of the logging activities 

during the period between 1870 – 1944 by the colonial settlers, causing the Karkloof and 

Balgowan forests to be ~40 % of their initial coverage, with the expanse of agriculture and 

plantations also contributing significantly to the fragmentation of these forests (Lawes et al. 

2000, 2004; Wethered and Lawes 2003; Adie et al. 2013). Since then, commercial logging 

activities have ceased; however, the increased frequency of fires, and harvesting of fuelwood, 

food, building materials and medicinal plants by local communities have increased the 

pressures exerted on these forests (Lawes et al. 2004; Cooper et al. 2017). These anthropogenic 

disturbances are expected to affect the presence of some species, with forest-dependent species 

expected to decrease, whilst non-forest dependent species are expected to use the forest 

resources (Symes et al. 2002). In these Afromontane forests, hunting is a factor influencing the 

presence of some forest mammal species, especially those occurring in isolated islands, with 

low population numbers and small geographic ranges, such as the blue duiker Philantomba 

monticola (Grande-Vega et al. 2016). These anthropogenic disturbances have resulted in many 

of these forest patches no longer being surrounded by natural grassland, which have instead 

been replaced by alien vegetation and exotic tree plantations (Wethered and Lawes 2003; 
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Lawes et al. 2004; Taylor and Peacock 2018). Despite these transformations, fire-maintained 

grasslands, consisting primarily of Themeda triandra, are still prevalent across the majority of 

the Afromontane region (White 1978). Forest area in the Midlands of KwaZulu-Natal has not 

changed considerably since the 1940s (Lawes et al. 2004), which has given forest mammalian 

communities sufficient time to respond to these historical anthropogenic disturbances (Lawes 

et al. 2000).  

Using camera traps, we aimed to determine the forest mammalian species richness to 

several factors, including patch size, forest patch isolation and landscape configuration in the 

naturally fragmented Southern Mistbelt Forests in the KwaZulu-Natal Midlands, South Africa. 

We further assessed whether the austral wet and dry seasons would impact the forest mammal 

species diversities in these forests. We predicted that larger patch sizes, and forests surrounded 

by a higher number of forest patches would result in higher species richness, whereas increased 

isolation distances from the mainland forest patches would result in lower species diversities. 

This follows the IBT, which assumes that the larger and less isolated islands would have higher 

species richness (Fahrig 2013; Helmus et al. 2014). We further predicted that forest mammalian 

species diversities of forests would be higher during the wet season because of abundant 

resources. 

 

 4.3 Methods 

4.3.1 Study area 

Our study was conducted in the indigenous Southern Mistbelt Forest patches in the KwaZulu-

Natal Midlands, located between Karkloof  (29°18'1.98" S, 30°20'25.66" E), located ~22 km 

North of Howick, and Bulwer (29°48' 28.54" S, 29°45' 32.79" E; Figure 4.1.), located ~38 km 

East of Underberg, in south-western KwaZulu-Natal. These forests are found at elevations 

between ~1000 and 1500 m a.s.l., with the Karkloof forest being one of the largest  
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Figure 4.1: Study area, showing the locations of the camera trap surveys within the selected 

patches of Southern Mistbelt Forests between Karkloof (29°18'1.98" S, 30°20'25.66" E) and 

Bulwer (29°48' 28.54" S, 29°45' 32.79" E) in the Midlands of KwaZulu-Natal, South Africa.  

 

Afromontane forests in KwaZulu-Natal (Wirminghaus and Perrin 1993; Lawes et al. 2005; 

Mucina et al. 2006), with the Karkloof Nature Reserve alone being ~1710 ha. These forests 

receive ~1600 mm of rain annually, which mainly occurs during the summer months, with 

temperatures ranging considerably from -4 - 37 °C, with the forests occurring on south-facing 

slopes (Symes et al. 2002; Lawes et al. 2005). These forests usually have a canopy height 

ranging from roughly 15-20 m (Wethered and Lawes 2003; Lawes et al. 2005; Mucina et al. 
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2006), with some of the highest canopy trees reaching heights of ~37 m (White 1978). This 

region's forests generally comprise ~60 tree species (Lawes et al. 2005). However, the tree 

species in this region are highly uniform, which could be practically defined using 12 tree 

species (White 1978).  

 

4.3.2 Survey site selection 

We located indigenous forest patches using the 2018 land cover map and the geographic 

information system (GIS) software ArcGIS version 10.7 (ESRI, Redlands, CA, USA). 

Indigenous forest patches larger than 0.5 ha were extracted, all of which were classified as 

Southern Mistbelt Forest (Mucina et al. 2006). Forests were categorised according to the study 

regions: Karkloof, Dargle and Bulwer, with forest patches of varying sizes being selected 

within each study area. In each study area, at least one mainland patch was selected, which was 

at least 200 ha, with surrounding patches being selected based on their size and distance from 

a mainland patch. This resulted in 14 indigenous forest patches being selected for this study, 

ranging from <50 – 1710 ha. Forest patch size categories followed that provided by 

Wirminghaus et al. (1999), in which class A = <50 ha, B = 51 – 100 ha, C = 101 – 500 ha, D 

= 501 – 1000 ha, E = >1000 ha. 

 

4.3.3 Camera trap surveys  

Camera trap locations were selected by creating a 400 m x 400 m grid over the indigenous 

forest layer in GIS, with a global positioning system (GPS) coordinate being extracted at every 

grid intersection located within the selected forest patch. The extracted coordinates were then 

imported into a GPS (Garmin eTrex® 20x, Garmin International, Olathe, USA) to be located 

in the field. Not all GPS coordinates were accessible in the field for camera traps to be installed, 

so we got as close to these points as possible. Nevertheless, we maintained a minimum distance 
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of 400 m between camera traps. To monitor the presence of forest mammals at each survey 

site, one of four models of infrared motion detection camera traps (Moultrie M-880 8 MP; M-

888i 14 MP, Moultrie Feeders, Birmingham, AL, USA; Cuddeback E3 20 MP, Greenbay, WI, 

USA; Browning Strike Force Apex 18 MP, Morgan, UT, USA) were installed at each GPS 

coordinate, with ~65 camera traps being deployed at a time. Forests were surveyed twice, first 

between October 2020 – April 2021 (wet season), and between May 2021 – September 2021 

(dry season). Installation procedures for the camera traps followed those by Ehlers Smith et al. 

(2017a), whereby installed camera traps were left to operate in the field for at least 21 days, 

with camera traps being operational 24 h/day. At each survey location, a camera trap was 

attached to a sturdy tree, with the camera trap being placed ~30 cm above the ground. The 

camera trap was directed towards the area where forest mammals were most likely to be present 

(animal trails, gaps in vegetation, etc.), with the camera trap facing the area, allowing for the 

largest coverage of the motion detect sensor (Ehlers Smith et al. 2017a). Any vegetation which 

could obstruct the camera trap, or result in the constant triggering of the camera, was removed. 

The camera traps were set to motion detect, with the highest passive infrared sensitivity, with 

a trigger delay of 30 s, with each trigger capturing a single image at the highest quality allowed 

by the camera. Trigger speeds were left at the camera’s default setting, which differed based 

on the make of camera trap used (Moultrie M-880, 1 sec; Moultrie-M888i, <0.7 sec; Cuddeback 

E3, 0.25 sec; Browning Strike Force Apex, 0.22 sec). This study did not use bait or attractants. 

 

4.3.4 Forest fragmentation characteristics 

To assess the impact forest patch connectivity and isolation distance from the mainland patch 

had on forest mammal species diversity, we used the 2018 land cover map in ArcGIS version 

10.7 (ESRI, Redlands, CA, USA). Here, we calculated forest patch size with forest patch 

connectivity being calculated based on the number of forest patches in an 800 m buffer around 
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each surveyed forest patch. This buffer was incorporated based on the approximate dispersal 

distance of the blue duiker, which was identified as the most specialised forest mammalian 

species in our study area (Lawes et al. 2000; Ehlers Smith et al. 2020). Forest patch isolation 

distances were calculated as the straight-line distance of the surveyed forest patch from the 

nearest mainland patch, which was at least 200 ha. Surveyed forest patches identified as being 

mainland patches, and hence had an isolation distance of 0 m, included: Karkloof Nature 

Reserve (1710 ha; Table 4.1), Mbona (679 ha), L’Abri (199 ha), Nxumeni (406 ha) and 

Maritzdaal (237 ha). L’Abri was considered a mainland patch as it was only slightly less than 

the designated 200 ha.  

 

4.3.5 Data analyses 

From the camera trap images, a forest mammalian species presence/absence was recorded for 

each forest patch surveyed. The detection histories for each identified mammalian species were 

recorded for 21 days using a binary detection history (1 = present, 0 = absent). Due to the 

difficulty in identifying certain detections at the species level, these detections were categorised 

at the genus or order level to prevent misidentifications. These detections were classified as 

African climbing mice Dendromus spp. and hyrax Hyracoidea. Detection histories for the wet 

and dry seasons were analysed independently.  

From these detection histories, we calculated forest mammalian species richness and 

naïve occupancies per patch and cluster (Karkloof, Bulwer, Dargle) during the wet and dry 

seasons, with domestic mammals excluded from these totals. We then compared the factors of 

season, forest patch size, connectivity, and isolation distance to these identified forest 

mammalian species diversities to identify the factors potentially influencing them.
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Table 4.1 Sampling effort and location of each forest patch across the surveyed Southern Mistbelt Forests in the midlands of KwaZulu-Natal, 

South Africa. Forests are classified according to Wirminghaus et al. (1999) size classes: A = <50 ha, B = 51 – 100 ha, C = 101 – 500 ha, D = 501 

– 1000 ha, E = >1000 ha. 

Area Forest patch Coordinates Size (ha) Size class Number of functional cameras out of the 

total number installed    
  Wet season Dry season 

Karkloof Mbona Private Nature 

Reserve 

29o18’08” S; 30o22’26” E 679 D 24 (28) 27 (28) 

 
Benvie Forest 29o15’27” S; 30o21’29” E 93 B 8 (8) 8 (8) 

 
Karkloof Nature 

Reserve 

29o17’50” S; 30o13’59” E 1710 E 45 (51) 49 (51) 

 
L'Abri Forest 29o17’08” S; 30o23’40” E 199 C 10 (10) 10 (10) 

Bulwer Marutswa Forest 29o48’36” S; 29o47’25” E 139 C 11 (11) 11 (11) 
 

Xotsheyake Forest 29o47’46” S; 29o47’16” E 57 B 4 (5) 4 (5) 
 

Ingelebantwana Forest 29o43’43” S; 29o44’35” E 148 C 9 (13) 12 (13) 
 

Nxumeni Forest 29o55’38” S; 29o50’42” E 406 C 11 (14) 14 (14) 

Dargle Wakefield Forest 29o28’57” S; 29o53’44” E 111 C 8 (9) 8 (9) 
 

Maritzdaal Forest 29o29’06” S; 30o02’57” E 237 C 21 (21) 19 (21) 
 

Rameron Forest 29o20’34” S; 30o05’43” E 96 B 8 (8) 8 (8) 
 

Milestone Forest 29o22’57” S; 30o05’40” E 53 B 3 (3) 2 (3) 
 

Sharedown Forest 29o29’06” S; 29o54’28” E <50 A 2 (2) 2 (2) 
 

Waterfall Forest 29o30’54” S; 29o54’18” E <50 A 0 (1) 1 (1) 
   

  Total = 164/184 Total = 175/184 
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4.4 Results 

Due to camera trap malfunctions and theft, 164 out of the 184 installed camera trap stations 

were included for the wet season, with one forest patch containing a single camera trap 

(Waterfall) being excluded due to camera malfunction, resulting in 13 forest patches being 

included in the wet season, with 175 out of the 184 installed camera trap stations being included 

in the dry season, resulting in a total of 339 camera trap stations in this study (Table 4.1). 

Karkloof had a total of 181 camera trap locations (wet season = 87; dry season = 94) across 

four forest patches, Dargle had 82 camera trap locations (wet season = 42; dry season = 40) 

across six forest patches, and Bulwer received the remaining 76 camera trap locations (wet 

season = 35; dry season = 41) across four forest patches (Table 4.1). The Karkloof Nature 

Reserve had the largest forest patch size (1710 ha), followed by Mbona (679 ha), whereas the 

Sharedown and Waterfall (<50 ha) had the smallest forest patch size (Table 4.1). The forests 

in Karkloof had the highest average patch size (670.25 ha), followed by Bulwer (187.5 ha) and 

Dargle (~99.5 ha) (Table 4.1).   

Including camera malfunction and theft, 3215 trap days were conducted in the wet 

season, with the dry season having 3551 trap days, resulting in a total sampling effort of 6766 

trap days across both seasons. This yielded 20 mammalian species in the wet season and 22 

species in the dry season, with both seasons resulting in a total of 23 forest mammalian species 

being identified (Table 4.2), which included domestic animals (cattle Bos taurus, dog Canis 

lupus familiaris, and goat Capra aegagrus hircus) and humans Homo sapiens. The mean site 

species richness was 7.08 in wet and 8.57 in dry seasons. The most frequently captured species 

in the wet and dry seasons were bushbuck Tragelaphus sylvaticus (16.7%) and Cape porcupine 

Hystrix africaeaustralis (5.2%, Table 4.2).  

Once we removed domestic mammals and humans, mammalian species richness 

totalled 19 across both seasons (Supplementary Information Table S4.1). During the wet 
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season, the Karkloof and Dargle forests had the highest mammalian species richness of 12, 

Bulwer had the lowest species richness of nine, while the average patch mammalian species 

richness was 5.54 (Table 4.3). Mbona had the highest mammalian species richness (n = 10) out 

of all the forest patches surveyed, with L’Abri and Milestone having the lowest (n = 2). 
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Table 4.2 Mammalian species identified along with the number of times captured in the camera traps and the number of cameras recording their 

presence in the Southern Mistbelt Forests in the midlands of KwaZulu-Natal, South Africa. 

  

Number of times recorded in 

camera traps 

Number of camera traps with 

species records 

Common name Scientific name Wet Dry Wet Dry 

African climbing mice Dendromus spp. 5 17 1 4 

Black-backed jackal Canis mesomelas 11 32 7 12 

Blue duiker Philantomba monticola 45 23 12 13 

Bushbuck Tragelaphus sylvaticus 521 610 144 137 

Bushpig Potamochoerus larvatus 43 78 31 51 

Cape clawless otter Aonyx capensis 0 2 0 2 

Cape porcupine Hystrix africaeaustralis 107 247 41 80 

Caracal  Caracal caracal 11 22 10 16 

Chacma baboon  Papio ursinus 8 31 5 9 

Common duiker Sylvicapra grimmia 2 5 2 2 

Domestic cattle Bos taurus 9 49 5 19 

Domestic dog Canis lupus familiaris 35 62 19 30 

Domestic goat Capra aegagrus hircus 1 3 1 1 

Greater cane rat Thryonomys swinderianus 1 0 1 0 

Human Homo sapiens 81 73 36 21 

Large grey mongoose Herpestes ichneumon 0 1 0 1 

Hyrax Hyracoidea spp. 2 2 1 2 

Samango monkey Cercopithecus albogularis 33 33 23 24 

Serval Leptailurus serval 0 2 0 2 

Slender mongoose  Galerella sanguinea 2 14 2 10 

South African large-spotted genet Genetta tigrina 20 70 14 30 

Vervet monkey Chlorocebus pygerythrus 5 4 5 4 

Water mongoose Atilax paludinosus 2 2 2 2 
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During the dry season, the forest mammalian species richness was fairly even between 

the three study areas (Karkloof (14), Bulwer (15), and Dargle (15)), with the Karkloof Nature 

Reserve having the highest species richness of 11, whilst no species were recorded at Waterfall, 

with average patch species richness being 7.00 (Table 4.4). When comparing forest mammalian 

species richness between seasons (Figure 4.2), the dry season exhibited generally higher 

species richness than the wet season, particularly in Benvie, L’Abri, Ingelebantwana and 

Nxumeni (see Table 4.1 for locations and forest sizes). Of the 14 surveyed forest patches, only 

two patches showed a higher species richness during the wet season (Mbona and Rameron; see 

Table 4.1 for locations and forest sizes). 

Forest mammalian species richness was generally higher in the larger forest patches 

during both seasons (Figure 4.3), with the largest patches (Karkloof Nature Reserve, Mbona, 

Nxumeni and Maritzdaal) generally having a considerably higher forest mammalian species 

richness compared with the smaller forest patches (Sharedown, Milestone and Xotsheyake). 

Some larger forest patches (L’Abri and Nxumeni) showed low species richness during the wet 

season; however, during the dry season, species richness increased significantly. The remaining 

forest patches displayed slight species richness differences between seasons.  

Bushbuck presence was captured at all of the forest patches during the wet season (13; 

Table 4.3), with Cape porcupine (10/13) and bushpig (9/13) occurring in the majority of the 

sampled forest patches as well. Non-domestic mammalian species only recorded at one forest 

patch during the wet season included: African climbing mice (Rameron), cane rat Thryonomys 

swinderianus (Mbona), common duiker Sylvicapra grimmia (Maritzdaal) and hyrax 

(Ingelebantwana). During the dry season, bushbuck, bushpig and Cape porcupine occurred in 

most forest patches (12/14; Table 4.4). Large grey mongoose was the only non-domestic 

mammalian species found at a single site (Rameron).  
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Forest patch isolation distance showed significant variation, with the forest patches less 

than 200 ha generally being at least 7000 m from a mainland patch, except for Benvie, which 

had the shortest isolation distance of 920 m (Table 4.5). Forest patches with the highest 

isolation distance included Milestone (10790 m), Marutswa (10300 m) and Xotsheyake (8900 

m).  

 

Table 4.5 Isolation distance, calculated as the straight line distance from a surveyed forest 

patch to a forest patch at least 200 ha in size, and landscape configuration, calculated as the 

number of forest patches within 800 m of the surveyed forest patch in the Southern Mistbelt 

Forests in the midlands of KwaZulu-Natal, South Africa. 

 
Forest patch Minimum distance to 

mainland (200 ha) 

Number of surrounding 

patches (within 800 m) 

Karkloof Benvie 920 m 16  
L'Abri 0 m 15  
Karkloof Nature 

Reserve 

0 m 25 

 
Mbona 0 m 29 

Dargle Wakefield 7300 m 7  
Sharedown 8400 m 5  
Waterfall 7440 m 4  
Milestone 10790 m 11  
Rameron 8500 m 9  
Maritzdaal 0 m 6 

Bulwer Marutswa 10300 m 4  
Xotsheyake 8900 m 8  
Ingelebantwana 8640 m 10  
Nxumeni 0 m 7 

 

When assessing the relationship between forest patch isolation and forest mammalian 

species richness (Figure 4.5), it was apparent that the mainland patches (0 m isolation distance) 

had the highest species richness. However, there was no significant correlation between 

isolation distance and species richness outside these mainland patches, with species richness 

fluctuating across several isolation distances.  
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Overall landscape configuration showed that Karkloof had the highest average number 

of forest patches, within 800 m, surrounding each surveyed patch (21.25), followed by Bulwer 

(7.25) and Dargle (7). Mbona had the highest number of surrounding forest patches within 800 

m (29; Table 4.5; Figure 4.6), followed by the Karkloof Nature Reserve (25) and Benvie (16). 

The lowest number of surrounding forest patches were experienced at Waterfall and Marutswa 

(4), followed by Sharedown (5). Forest mammalian species richness was generally higher in 

those forest patches surrounded by higher numbers of patches, with those forests surrounded 

by the fewest patches having a lower forest mammalian species richness. Forest patches with 

the highest number of surrounding patches in Karkloof also had the highest forest mammalian 

species richness, with species richness also being more consistent between seasons in these 

forest patches. A similar trend occurred in Dargle and Bulwer, whereby the forest patches with 

high numbers of surrounding patches (Wakefield, Rameron, Ingelebantwana) exhibited high 

forest mammalian species diversities compared with those forest patches surrounded by fewer 

patches (Sharedown, Waterfall, Marutswa). However, this trend was not observed in 

Xotsheyake, which had low species richness in the wet and dry seasons despite having 

numerous surrounding forest patches (n = 8). 
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4.5 Discussion 

The results collected in this study found that certain assumptions from MacArthur and Wilson’s 

(1967) IBT were not always applicable in this study area, with island studies often differing 

from continental studies, resulting in limited applicability (Fox and Fox 2000). However, some 

aspects pertaining to a positive relationship between species richness and patch size, as well as 

landscape configuration, held mostly true in this study. As a result, only some of our initial 

predictions were supported in this study. 

The prediction that larger forest patch sizes would harbour more species richness was 

generally true in this study, with the largest forest patches (Karkloof Nature Reserve, Mbona, 

Nxumeni and Maritzdaal) generally having a higher forest mammalian species diversity than 

the smaller forest patches. This may be the result of several factors, which include the fact that 

larger forest patches have more habitat (Hobbs 1988; Fahrig et al. 2019; Ferreira et al. 2020), 

with the smaller patches having a reduced habitat complexity, and thereby a homogenised 

habitat, limiting the resources and niches available for use (Ehlers Smith et al. 2018). The lack 

of sufficient resources in smaller patches was also identified in other studies (Santos-Filho et 

al. 2012), which found that small mammal diversities were unable to persist in high diversities 

in resource-limited forest patches, with the larger forest patches providing sufficient resources 

to support several small mammalian species. Forest patch size is generally seen as being a 

particularly important factor impacting species diversities in fragmented landscapes when 

compared with forest patch isolation or surrounding habitat (Palmeirim et al. 2020). 

 This is particularly true for forest specialist species, as the larger forest interior 

provides suitable conditions for these species to thrive, with high-quality patch interiors not 

being as essential for those forest generalist species (Takkis et al. 2018). This was also observed 

in this study, whereby the most specialised forest mammal, the blue duiker, was found in all 

three study sites; however, the number of detections varied considerably between forest patches 
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and study sites. The majority (92.6%) of the detections of blue duiker were found in Karkloof 

(Supplementary Information Table S4.3), with the vast majority of these detections being 

within the Karkloof Nature Reserve, the largest sampled forest patch (1710 ha). However, 

across both seasons, there were only 68 detections of blue duikers across all study sites, 

yielding an average naïve occupancy of 0.07 across both seasons (Supplementary Information 

Table S4.2). This could indicate the lack of appropriate microhabitat conditions for these 

mammals in the majority of the surveyed forest patches, with blue duiker preferring a high fruit 

diet, which can be as high as 78.4 % of their total diet, with the species preferring dense, closed-

canopy habitats, preferring thicker vegetation areas, which provides better protection from 

predation (Kendrick et al. 2009; Ehlers Smith et al. 2017b).  

The general assumption that larger forest patches contain higher species diversities, 

thereby lowering the risk of local extinction (Yang et al. 2021), has resulted in most 

conservation measures having their efforts focused on conserving these patches, as smaller 

forest patches are deemed to be of lower conservation value (Ehlers Smith et al. 2018; Fahrig 

et al. 2019). However, this conservation approach is problematic for several reasons, which 

include the fact that, together, these small forest patches across a landscape could have a large 

total area, which could slowly diminish seemingly unnoticed, resulting in the local extinction 

of some species (Fahrig et al. 2019; Turner 1996). This is concerning as some studies (e.g., 

Ehlers Smith et al. 2018) have found that species richness could still be high even in these small 

forest patches, thereby constituting an important role in maintaining species richness across the 

landscape.  

Landscape configuration (number of forest patches within 800 m of the sampled forest 

patch) also showed an overall positive relationship with species richness, with those forests 

surrounded by more forest patches generally having a higher species richness than those with 

few surrounding patches. These results coincide with those from a study conducted by Ehlers 
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Smith et al. (2018), which found that higher numbers of surrounding forest patches led to 

increased mammalian species diversity. This emphasises the role these surrounding patches 

play in ensuring connectivity between patches (Takkis et al. 2018), with these patches acting 

as ‘stepping stones’ in the mosaic landscape, and should therefore be considered vital for 

conservation (Ehlers Smith et al. 2018). This is particularly true in fragmented environments, 

whereby the inability of forest species to immigrate between forest patches could also affect 

the ability of plant species to colonise in these forests because of the lack of seed dispersers 

(Turner 1996).  

Although not explicitly covered in this study, a factor also impacting the ability of forest 

mammals immigrating between forest patches relates to the overall nature and quality of the 

surrounding matrix, whereby hostile matrixes surrounding forest patches would create a barrier 

to movement, greatly impacting the ability of these mammalian species ability to move 

between patches (Santos-Filho et al. 2012). This could explain the reason why patches such as 

Marutswa, and in particular Xotsheyake, had low overall species richness despite having 

numerous forest patches surrounding them, as they were likely impacted by the surrounding 

local communities of people, which are known to impact mammal presence, particularly the 

larger mammals negatively (Ferreira et al. 2020). During data collection and on the camera 

traps, numerous hunting dogs and domestic cattle could be seen within the forests, with several 

snares being found in these forests as well (pers. obs.). The grazing and trampling by livestock 

could degrade the quality and reduce the diversity of the forest vegetation, thereby reducing 

the suitability of these forests to mammals (Ferreira et al. 2020; Sosibo et al. 2022). 

 However, forests surrounded by secondary forests and planted trees may significantly 

improve the ability of mammals to connect between forest patches (Turner 1996). Due to the 

importance of the surrounding matrix in determining the permeability of forest species between 
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patches, IBT would not be highly applicable for continental patches, as these patches do not 

possess the same impenetrable barrier experienced by oceanic islands (Bueno and Peres 2019).  

Although forest mammalian species richness showed a positive relationship with patch 

size and landscape configuration, isolation distance did not indicate a particularly positive 

influence. This could be because of the forests not being separate from species sources (Hobbs 

1988), unlike oceanic islands (MacArthur and Wilson 1967). This is particularly true for 

generalist species, which are known to be less impacted by the effects of patch isolation (Takkis 

et al. 2018). As a result, species in the surrounding matrix have access to these forest patches, 

which, in turn, would negate the potential species losses resulting from forest isolation, making 

the IBT ineffective at describing the factors influencing species richness, at least for continental 

forest patches (Hobbs 1988). Similar to landscape configuration, the quality of the surrounding 

matrix and connectivity of patches (Takkis et al. 2018) would also have an impact on the 

effectiveness of patch isolation in determining species richness, as this could determine the 

ability of species to traverse across the matrix (Turner 1996; Santos-Filho et al. 2012; Takkis 

et al. 2018). This is particularly true for some species, which could still persist in isolated forest 

fragments based on the quality of the surrounding matrix and its overall permeability (Santos-

Filho et al. 2012).  

Mammalian species abundance did not show considerable variation between sampling 

seasons. However, the dry season produced few instances of three new species (Large grey 

mongoose, Cape clawless otter and serval), whilst the only species present in the wet season, 

which was not present in the dry season, was a single image capture of a greater cane rat. 

Although species richness between seasons was relatively similar, species richness per site 

between the wet and dry seasons exhibited considerable variations. The dry season displayed 

higher species richness per site than the wet season. This could primarily be because of the 

availability of food resources (Ngcobo et al. 2019), whereby species, such as Cape porcupines, 
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would use forest resources during the dry season, using previously unwanted resources (Kraai 

et al. 2023), with forests also providing fruit resources when food availability is scarce 

(Salvador et al. 2011). This likely resulted in the noticeable increase in naïve occupancies 

during the dry season for the generalist species: Cape porcupine, bushpig and South African 

large-spotted genet Genetta tigrina. The use of forests during the dry season by generalist 

species could also be because of the use of these forests as refugia from fire, providing a 

suitable environment to ensure the survival of fire-sensitive species (Dornbusch et al. 2022), 

with these species being able to escape these fire affected areas (Bond and Parr 2010). 

 Forest specialist species, such as bushbuck and blue duiker, however, displayed 

relatively similar naïve occupancies between seasons, indicating the reliance on forest 

specialists on forests for food and shelter (Coates and Downs 2006). These findings were 

similar to those recorded in a study conducted by Sosibo et al. (2022), which found that the dry 

season has significantly higher abundances of medium-large-sized mammals in the sampled 

forests. The ability of these mammalian species to occupy the same forest patch would indicate 

sufficient diversity in food sources and resource availability to support these species, with more 

diverse habitats being able to support a greater diversity of species (Hannibal et al. 2019).  

When compared with other forest mammal studies, such as a study conducted by Ehlers 

Smith et al. (2017b) in the Coastal Belt forests, it is clear that mammalian diversity in this 

study, as well as from a study conducted in Afromontane forests by Sosibo et al. (2022), are 

considerably less than the mammalian diversity observed in the coastal forests. These 

differences in mammalian species composition are suggested to be the result of palaeoclimatic 

extinction filtering, with Afromontane forests having fewer species and fewer forest-dependent 

species than coastal forests, with generalist species infiltrating these forest environments 

(Lawes et al. 2007). However, species richness might not always be higher in these coastal 

forests, with a study conducted by Zungu et al. (2019) recording two fewer mammalian species 



 

229 
 

in urban coastal forests than the present study. However, their study recorded considerably 

more instances of forest specialist mammalian species, such as blue duiker, indicating the 

vulnerability of the forest-dependent mammals in the Afromontane forests to the infiltration of 

generalist mammalian species (Lawes et al. 2007) as found in the present study. 

These specialist mammalian species may also be absent from many of the surveyed 

forest patches because of the hunting pressure exerted on these small isolated populations, with 

blue duiker being particularly at risk of local extinctions, which is especially true for the 

Afromontane forests in South Africa (Grande‐Vega et al. 2016). As mentioned, these hunting 

pressures were observed in many of the forest patches surveyed in this study, particularly in 

the forests in Bulwer in the present study. Continued hunting pressures in these forests would 

certainly result in drastic population declines for several mammalian species, especially blue 

duiker (Grande‐Vega et al. 2016). 

Based on the forest characteristics focused on in this study, future conservation 

measures will hopefully shift away from the general notion that only the larger forest patches 

hold significant conservation value (Fahrig et al. 2019), with the smaller forest fragments being 

essential for the survival of many species across the landscape (Turner and  Corlett 1996). 

Through the understanding of how uncontrolled hunting activities in protected forests impact 

the forest mammal species diversities, conservation managers should thus aim to prevent 

unsustainable hunting activities, which impacted mammalian species diversities in several 

forests, particularly those in Bulwer, which experienced the most observed (pers. obs. and 

recorded by camera traps) hunting activities.  

 

4.6 Conclusions 

When assessing the factors influencing forest mammalian species richness in the Southern 

Mistbelt Forests in the Midlands of KwaZulu-Natal, South Africa, it became apparent that not 
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all aspects of MacArthur and Wilson’s (1967) island biogeography theory applied to these 

forests. However, forest patch size and landscape configuration did display a positive 

relationship with forest mammalian species richness in these forests, particularly patch size. 

The positive relationship with patch size was determined to be likely because of the diverse 

habitat characterising these patches, which provide more suitable conditions for the forest 

specialist species, such as bushbuck and blue duiker. Landscape configuration likely had a 

generally positive correlation as these forest patches could act as ‘stepping stones’ for 

mammals to move between patches. However, the ability of forest mammalian species to use 

these surrounding patches could depend on the nature and quality of the surrounding matrix, 

which could act as a barrier to potential movement. Our results found that contrary to the IBT, 

isolation distance did not significantly impact species diversities, as species from the 

surrounding habitat could still use these forests, thereby negating the potential loss of species 

as a result of isolation. Like landscape configuration, the nature of the surrounding matrix 

would also have an impact on isolation distance, as forest mammals could potentially still 

connect to surrounding patches based on the permeability of this matrix. This reinforces the 

importance of conservation measures focused on smaller forest patches, which still hold 

tremendous conservation value for the landscape, contrary to the belief that only conserving 

larger patches would be sufficient. Camera trap records also found that, contrary to our initial 

prediction, the dry season had higher species richness per site than the wet season, with naïve 

occupancies of several generalist mammalian species, such as Cape porcupine, bushpig and 

South African large-spotted genet, being considerably higher in the dry season. This was likely 

the result of these forests being used for their food resources when food was scarce, with Cape 

porcupines, in particular, exploiting food resources that were generally avoided in the wet 

season, when food was more plentiful. Based on the nature of the grasslands surrounding these 

forests, the generalist species also likely used these forests as fire refugia, allowing these 
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mammals to escape. However, forest specialist species, such as bushbuck and blue duiker, 

indicated relatively little naïve occupancy change between seasons, indicating their strong 

reliance on forests for food and shelter.  
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4.9 Supplementary information 

Supplementary Information Table S4.1 Forest mammalian species identified using camera 

traps in the present study. 

 

  
Forest mammalian species Latin name 

African climbing mice Dendromus spp. 

Black-backed Jackal Canis mesomelas 

Blue duiker Philantomba monticola 

Bushbuck Tragelaphus sylvaticus 

Bushpig Potamochoerus larvatus 

Cape clawless otter Aonyx capensis 

Cane rat Thryonomys swinderianus 

Cape porcupine Hystrix africaeaustralis 

Caracal  Caracal caracal 

Chacma baboon  Papio ursinus 

Common duiker Sylvicapra grimmia 

Large grey mongoose Herpestes ichneumon 

Hyrax Hyracoidea 

Samango monkey Cercopithecus albogularis 

Serval Leptailurus serval 

Slender mongoose  Galerella sanguinea 

South African large-spotted genet Genetta tigrina 

Vervet monkey Cercopithecus pygerythrus 

Water mongoose Atilax paludinosus 
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Supplementary Information Table S4.2 Naïve occupancy (wet and dry seasons respectively) 

of forest mammalian species identified using camera traps in the present study. 

 

Mammalian species Naïve occupancy (wet 

season) 

Naïve occupancy (dry 

season) 

African climbing mice 0.0061 0.0229 

Black-backed Jackal 0.0427 0.0686 

Blue duiker 0.0732 0.0743 

Bushbuck 0.8537 0.7829 

Bushpig 0.1890 0.2914 

Cane rat 0.0061 0.0000 

Cape clawless otter 0.0000 0.0114 

Cape Porcupine 0.2439 0.4571 

Caracal 0.0610 0.0914 

Chacma baboon  0.0305 0.0514 

Common duiker 0.0122 0.0114 

Domestic cattle 0.0305 0.1086 

Domestic dog 0.1098 0.1714 

Domestic goat 0.0061 0.0057 

Human 0.2134 0.1200 

Hyrax 0.0061 0.0114 

Large grey mongoose 0.0000 0.0057 

Samango monkey 0.1402 0.1371 

Serval 0.0000 0.0114 

Slender mongoose  0.0122 0.0571 

South African large-spotted genet 0.0854 0.1714 

Vervet monkey 0.0305 0.0229 

Water mongoose 0.0122 0.0114 

   

 

Supplementary Information Table S4.3 Total number of blue duiker captured on camera 

traps across each forest cluster for the wet and dry seasons in the present study. 

 

 

 

 

  

Forest cluster Total captures of blue duiker Percentage of total (%) 

Karkloof 63 92.7 

Dargle 1 1.5 

Bulwer 4 5.9 
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CHAPTER 5 

Conclusions and Recommendations 

5.1 Overview 

Forests around the world provide valuable ecosystem services, such as the maintenance of 

species diversity, aiding in the protection of soil and maintaining the hydrological cycle 

(Kelatwang and Garzuglia 2006; Mithal et al. 2011). Forest mammals, in particular, play a vital 

role in the plant-animal relationship, with these mammals often acting as seed dispersers, with 

the removal of these mammalian species results in the reduction in ecosystem stability 

(Oblerosler et al. 2020; Grande-Vega et al. 2016; Hegerl et al. 2017). One of the biggest threats 

to biodiversity includes habitat loss, fragmentation and global population growth (Aben et al. 

2014; 2016; Alexander et al. 2019). For forested landscapes, fragmentation is particularly 

impactful, as it causes the breaking up of an otherwise continuous forest into several smaller 

patches (Liu et al. 2019), which results in reduced patch size, a reduction in connectivity 

between patches and an increase in edge effects (Fahrig 2003; Liu et al. 2019; Banks-Leite et 

al. 2020). As a result, many species’ distributions and presence become affected, thereby 

causing an impact on overall ecological interactions (Magrach et al. 2014). The effects 

fragmentation has on species are not uniform, however, with specialist species being more 

affected because of their reliance on these ecological interactions (Magrach et al. 2014; Banks-

Leite et al. 2020). Fragmentation, thus, almost certainly results in the local extinction of some 

species; however, the adoption of informed conservation strategies based on species abundance 

and density data (Anile and Devillard 2016; Agha et al. 2018) could allow some species to 

inhabit the fragmented forest landscapes (Murcia 1996; Grass et at. 2019; Arroyo‐Rodríguez 

et al. 2020). 

To effectively monitor wildlife abundance and densities, camera traps have become an 

increasingly popular tool since the 1990s (Anile and Devillard 2016; Agha et al. 2018; Zwerts 
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et al. 2021), with their popularity being particularly prominent over the last two decades (Galvis 

et al. 2014). Camera traps allow researchers to study mammalian species, particularly elusive 

species, in a non-invasive, cost-effective way (Dupuis-Desormeaux et al. 2016; Ferreras et al. 

2017; Dorning and Harris 2019). Their use is particularly effective in those dense 

environments, such as forests, which make directly observing wildlife challenging (Giman et 

al. 2007; Treves et al. 2010).  

To describe the impacts of fragmentation on species diversity, MacArthur and Wilson’s 

(1967)  island biogeography theory (IBT) has been used, which compares fragmented forests 

to oceanic islands, with the IBT assuming there is a harsh matrix surrounding them (Bueno and 

Peres 2019), usually in the form of agricultural land, or an area experiencing converted land 

use (Fox and Fox 2000). The IBT postulates that species occurring in smaller forest fragments 

is the result of species moving from the mainland, which is seen as the source of species 

occurring in the landscape (Fahrig 2013). As a result, forest patches occurring at increasing 

isolation distances from this mainland patch would cause a decrease in species richness 

occupying those patches, with more closely related species likely occupying them (Wu and 

Vankat 1995; Fahrig 2013; Helmus et al. 2014). The larger forest patches are assumed to 

contain more species diversities as they exhibit higher speciation, with there being a greater 

diversity of habitat types (Fox and Fox 2000; Ehlers Smith et al. 2020), thereby reducing the 

risk of local extinction of species in these patches (Yang et al. 2021). Based on this, factors 

such as patch size, surrounding habitat matrix, and dispersal and mobility capabilities impact 

the species being found in fragmented forest patches (Ehlers Smith et al. 2020). 

However, the IBT has received criticism as it does not account for species being able 

to traverse between habitat patches, which do not present the same barrier experienced by 

oceanic islands (Fahrig 2013; Bueno and Peres 2019). The ability of species being able to move 
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between forest patches would likely be because of the overall nature and quality of the 

landscape mosaic (Santos-Filho et al. 2012). 

To determine the effects of anthropogenic disturbance and forest fragmentation on 

forest mammalian species diversities, the naturally small and fragmented Afromontane forest 

patches in South Africa provide the ideal opportunity. Climatic changes experienced during 

and before the last glacial maximum (LGM) resulted in the vegetation changes experienced, 

with these forests exhibiting fairly constant size and distribution since (Lawes et al. 2000a; 

Lawes et al. 2005; Adie et al. 2013). However, anthropogenic activities, mainly in the form of 

intense logging between 1870 and 1944 by the colonial settlers, have worsened the natural 

fragmentation of these forests (Lawes et al. 2000b, 2004; Wethered and Lawes 2003; Adie et 

al. 2013). Although logging activities have since been banned, present anthropogenic pressures 

in the form of uncontrolled harvesting of fuelwood, increased fire frequency, collection of 

building materials and collection of medicinal plants have maintained the pressures exerted on 

these forests (Lawes et al. 2004; Cooper et al. 2017).  

This study sought to determine the use of camera traps as a research tool in Africa, 

highlighting the countries and terrestrial wildlife receiving the most focus, with the study going 

further to determine the impacts microhabitat structure and landscape configuration had on the 

mammalian species diversity found in the historically fragmented forest patches, in the 

midlands of KwaZulu-Natal, South Africa, between the wet and dry seasons. 

 

5.2 Research findings 

The study in Chapter 2 aimed to determine the use of camera traps as a research tool in Africa, 

revealing the countries receiving the most camera trap research focus. The study further 

identified the terrestrial wildlife and habitat types receiving the most focus. Results from this 

study found that South Africa received the most camera trap research attention, with the 
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majority of studies primarily focusing on identifying the occupancy of terrestrial mammals 

(Chapter 2). This mostly focused on large carnivores, with leopard Panthera pardus being the 

most studied species (Chapter 2). The study found that the majority of camera trap research 

was conducted in forests, likely because of the usefulness of camera traps in dense 

environments (Chapter 2).  

 Research in Chapter 3 focused on identifying the impact microhabitat has on bushbuck 

Tragelaphus scriptus, a diurnal forest specialist, and Cape porcupine Hystrix africaeaustralis, 

a nocturnal generalist, in the Southern Mistbelt forests in the Midlands of KwaZulu-Natal, 

South Africa, and how the microhabitat conditions potentially impacted their occupancy 

between the austral wet and dry seasons, with the change in seasons resulting in an altered 

microhabitat structure, thus impacting food availability. These changes in available food 

resources were thought to impact forest specialist and generalist species differently, with the 

generalist species being able to alter their diet based on the available resources, whereas the 

specialist species would need to either shift preferred habitats within the forest or migrate out 

the forest entirely in search of food resources. The study found that bushbuck was the most 

recorded mammalian species during both seasons, with the occupancy of Cape porcupine being 

higher during the dry season (Chapter 3). This was found to be likely because of the generalist 

feeding nature of the Cape porcupine, utilising the resources in forests during the dry season 

when food may have been otherwise scarce (Chapter 3). In state-owned forests, bushbuck 

presence was considerably lower, which was likely the result of the observed hunting activity 

presently taking place in these forests (Chapter 3). 

The research conducted in Chapter 4 aimed to determine the impacts of landscape 

factors, which included patch size, landscape configuration (number of neighbouring patches), 

and patch isolation (distance from mainland patch), on forest mammalian species diversity in 

the Southern Mistbelt forest patches, between the wet and dry seasons. The findings indicated 
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that forest mammalian diversity was strongly influenced by patch size, with larger forest 

patches generally having significantly higher mammalian diversity than the smaller patches 

(Chapter 4). Landscape configuration also displayed a positive correlation with mammalian 

species richness, with forests surrounded by multiple forest patches generally having an 

increased diversity (Chapter 4). Patch isolation, however, did not indicate a significant 

influence on forest mammalian species richness (Chapter 4).  

 

5.3 Conclusions and recommendations 

The findings from Chapter 2 indicated that camera trap research was conducted using multiple 

different procedures, often depending on the research question and resources available to the 

study (Meek et al. 2015; Roberts 2011), which makes establishing a standardised method 

challenging. However, this study illuminated the need for an appropriate sampling effort to be 

established in each study, particularly when the research focuses on rare species, with 

insufficient sampling efforts negatively impacting the ability of the research to answer the 

questions posed (Burton et al. 2015). Further camera trap installation procedure 

recommendations relate to a more standardised height and deployment times of camera traps, 

with variations in these procedures also impacting the results of studies and the inferences made 

(Burton et al. 2015; Ferreras et al. 2017; Rich et al. 2019).  

When assessing the impacts that landscape configuration has on forest mammalian 

species diversity, it is apparent that, contrary to the IBT, the small forest patches play a vital 

role in ensuring forest mammals can traverse the landscape, with these patches acting as 

‘stepping stones’ between forest patches, with results indicating that potential localised 

extinctions in these smaller forest patches have not yet taken place. Therefore, future 

conservation measures must not overlook the importance of conserving these forest fragments, 

with the loss of these patches having ecological consequences (Fahrig et al. 2019). The 
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maintenance and enhancement of landscape connectivity, through the presence of smaller 

forest patches, further ensure that wildlife is unlikely to be overhunted, ensuring the presence 

of vulnerable large-bodied mammals (Ferreira et al. 2020). This study found that the IBT was 

generally not applicable to the sampled forest fragments, as the landscape mosaic surrounding 

the patches is likely also to determine the species richness across the landscape (Hobbs 1988). 

Due to the interconnected nature of the forests and their surrounding habitat, it is recommended 

to determine species richness across different habitat types of the landscape, as this could 

provide insights into the overall health of the landscape, with higher diversities allowing for 

the increase in resources available, thereby allowing the environment to support additional 

species (Hobbs 1988) further. 

Although this study illuminated the positive relationship forest mammalian species 

richness had with increasing patch size, one factor we did not implement in this study, which 

could provide meaningful insights, relates to the investigation of patch shape in influencing 

species diversities in these fragmented forests. Forest patch shape could determine the 

effectiveness of possible species exchange between forests and the surrounding habitats, with 

complex patch shapes often positively influencing this exchange (Yang et al. 2021). Patch 

shape could also be an important factor to consider, as a patch could be large, but narrow, which 

would not favour the mesic and shade-tolerant species (Hobbs 1988). 

This research also highlighted the likely effect uncontrolled resource harvesting had on 

both plant/tree richness and forest mammalian species richness, particularly between privately-

owned and state-owned forests. These impacts were particularly noticeable in the state-owned 

forests in Bulwer, specifically Marutswa and Xotsheyake, whereby cattle grazing and resource 

collection, in the form of fuelwood and hunting, were observed both on the ground and on 

camera traps, which included the use of hunting dogs and snares, likely resulted in the low 

species detected here. To fully understand the impacts these activities have on forest 
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environments, it is recommended that information is collected regarding the amount of 

resources being extracted and to determine the particular species targeted. Based on this data, 

resource collection should be conducted in a sustainable manner to ensure local extinctions of 

both plant/tree and forest mammalian species does not occur.  
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